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ArT. XXXV.—Review of von Seebach’s Earthquake of March 
6th, 1872, in Central Germany ;* by Ben K. Emerson, Prof. 
of Geology in Amherst College. 


THE Neapolitan Earthquake Report of Robert Mallet marks 
an epoch in the history of earthquake investigation. Although 
the view first casually advanced by Dr. Youngt and definitely 
stated by Gay-Lussac,} that an earthquake is “a very strong 
sonorous wave,” had been elaborated twenty-five years before 
by Mallet himself in a Memoir on the Dynamics of Earth- 
quakes,§ and by William Hopkins in his celebrated Report on 
the Theories of Elevation and Earthquakes, and although 
methods for finding analytically the depth of the center of 
disturbance from seismometric observations had been given in 
both these papers, and later in Mallet’s Earthquake Reports, yet 
the remark of Hopkins, that ‘the roughest approximation to 
the position of the focus from which such vibrations proceed 
would constitute a very important geological element,” re- 
mained as true in 1872 as in 1847, when it was written. In 
the quarter century which intervened between these two dates, 
immense labor was bestowed upon earthquake-catalogues by 
Mallet, Perrey and others, and upon the discussion of these to 
determine geographical lines or areas of disturbance, periodicity 
in relation to the seasons, the phases of the moon, &c.; and it 
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would seem that this source of information had been very 
nearly exhausted, and that resort must be had to a purely 
physical treatment of the subject. The Earthquake Reports of 
Robert Mallet* had done much to render this possible, es- 
pecially by perfecting the seismometer, by the beautiful mathe- 
matical determination of the zone of greatest intensity, the the- 
orem for finding the focus from the time of shock at three 
points, and by elaborate series of experiments on the transit 
velocity of elastic waves, produced by the explosion of gun- 
powder, in loose sand and in both compact and jointed granite 
at Killiny Bay,t and in quartzite and schist at the government 
quarries at Holyhead, North Wales.{ It was eminently fitting 
that he should write the first treatise on the principles of obser- 
vational seismology, and give the first illustration of their use 
in determining the elements of an earthquake: its true transit 
velocity, wave velocity, depth of the “centrum,” or region 
where the impulse originated, the position of the “ epicentrum” 
and isoseismic curves. 

I know of no earlier attempts to determine any of these ele- 
ments, except the early, very imperfect ones, by Milne, of the 
Lisbon earthquakes of 1755 and 1761;§ by Dr. B. Trask, of 
that of Jan., 1857, in California; and two by Julius Schmidt, 
of the earthquake at St. Goar on the Rhine, and that of 
Veterna hola in Hungary,** where by application of the calcu- 
lus the velocity of transit on the earth’s surface was determined. 

The method employed by Mallet for the Neapolitan earth- 
quake of 1857++ was based on the fact that the principal 
cracks found in buildings, walls, &c., would be normal to the 
direction of the wave at the point where they were formed. 
Lines drawn perpendicular to these planes would, therefore, 
intersect in the focus or “centrum,” assuming it to ‘be a point, 
or sphere of small diameter, and ‘the azimuth of these lines 
would intersect on the earth’s surface at the “ epicentrum,” or 
point directly over the focus, the inclination of these two sets 
of lines to each other giving the angle of emersion for each 

lace of observation. Further, the ‘angle of emersion thus 
essen, the velocity of vibration of the wave was obtained by 
calculation from the distance to which bodies of known weight 

* Brit. Assoc. Rep., 1850, ’51 °52, ’58. 

Second Rep. of Earthquake Phenomena, Rep. Brit. Assoc., 1851. 

f Account of experiments made at Holyhead to ascertain the transit velocity of 
waves analogous to earthquake waves through local rock formations, Phil. Trans., 
ars Phil Jour., vol. xxxi. || This Jour., 1858, xxv, p. 146. 

Das Erdbeben von 29 Juli, 1846, im Rheingebiet von Dr. Jakob Néggerath. 

** Untersuchungen iiber dem Erdbeben am 15 Jan., 1858, J. F. Schmidt, As- 
tronom. Athen.; Mit. d. K-k. Geograph. Gesell., zu Wien, 1858. 

++ The Great Neapolitan Earthquake, or the Principles of Observational Seis- 
mology, vols. 
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were projected, or by the degree of resistance overcome in form- 
ing cracks, as determined by separate experiments. The results 
obtained by Schmidt and Mallet, together with the results of the 
latter's experiments on transit velocity in various rocks, are 
brought together below in comparison ith the numbers ob- 
tained by the method we are reviewing, the whole including 
all the reliable numerical results for earthquake elements thus 
far published. 

The middle-German earthquake of the 6th of March had its 
center (epicentrum) about halfway between Erfurt and Coburg, 
and was felt in a region bounded approximately by a line 
passing through the cities of Berlin, Breslau, Regensburg, 
Tiibingen, Frankfort and Brunswick. The zone of greatest 
intensity was south of a line passing between Gera and Alten- 
burg, but large objects were nowhere overthrown, and few fis- 
sures were formed in walls and buildings. The method of 
Mallet was, therefore, not applicable, but the author employs 
instead a method, already used by Schmidt to determine the 
surface velocity, and here for the first time carried out in 
detail. This method is based upon accurate determinations of 
the time of shock for the greatest possible number of localities 
within the region affected, and for this purpose the author pro- 
ceeded immediately to collect from periodicals, from railroad 
and telegraph officials, from astronomical and physical obser- 
vatories, and from other sources, all notices of the time of shock. 
These notices, with all the facts reported concerning the earth- 
quake, are given in full—arranged geographically with their 
authorities—in the first part of the work (pp. 5-103). The 
times were then reduced to Berlin time, tabulated, and dis- 
cussed under the assumption that the difference in transit 
velocity resulting from the different conducting power of dif- 
ferent strata, and the irregular distribution of fissures, joints, 
&c., would, for large distances, counteract each other and result 
in a velocity approximately uniform. Under this assumption, 
which seems fully justified by the result, that portion of the 
vibrations which reach the surface of the earth would form 
concentric widening circles, and all points on each circle would 
be shaken at the same instant. These are the isoseistic curves 
of the author (coseismic curves, Mallet). 

If, then, a perpendicular be drawn from the middle of a 
chord connecting two such points (points shaken at the same 
absolute time, and thus lying in the same isoseistic circle), it 
would pass through the epicentrum, and the intersection of 
several such perpendiculars would determine the position of 
this epicentrum. This method was applied as follows. From 
the 149 observations of time, those from the astronomical ob- 
servatories of Gottingen and Leipzig, being coincident in time 
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and most trustworthy, were taken, and upon a large and accu- 
rate map these towns were united by a straight line, and a per- 
pendicular erected from the middle of the same. Then, Eger 
and Halle coinciding also in time, and deserving, from the char- 
acter of the observer in one case, and from the agreement of 
different observers in the other, the highest confidence, were 
chosen, and in the same way a perpendicular was erected from 
the center of the line uniting them. These perpendiculars cut 
each other near the village of Amt-Gehren (lat. 50° 38°86’ N. ; 
long. 8° 41°25’ E. of Paris) and fix the place of the epicentrum. 
In order to establish this more firmly, the author proceeds to 
discuss the remaining observations, and to construct isoseistic 
curves for each minute. The earliest reported time is 3h. 55m. 
P. M.—reported from twelve localities. Of these, several are 
proved to be false by their relation to the accurate determina- 
tions of Géttingen-Leipzig and Eger-Halle. Nevertheless, five 
lie in a circle whose center is at Amt-Gehren, and give thus 
the isoseistic curve for 8h.55m. In this way the curves for 
each minute up to the limit, Breslau, 4h. 5m. 25s, are deter- 
mined (plate 11), each curve when fully established uniting 
three or more places which reported the same time, and all 
having a common center at Amt-Gehren. As a result of the 
observations which deserve any confidence, above 40 per cent 
point directly to the same spot, a degree of accuracy far greater 
than could have been expected. 

For the determination of the true transit velocity, the depth 
of focus, and the time of initial impulse at the focus, a very 
beautiful graphic method is introduced. If ¢ = the time of 
shock, and a = the distance from the epicentrum, of a given 
locality, m, a short algebraic discussion obtains the equation 
for a hyperbola, wherein these values a and ¢ = the axes of 
abscissas and ordinates. Laying off, then, miles (a, a’, a’’) on 
the axis of abscissas, and minutes (¢, /’, ’’) on the axis of ordin- 
ates for each given locality (m, m’, m”, &c.), these latter must 
describe a hyperbola. The degree of accuracy with which they 
do this gives, in the first place, an indication of the degree of 
accuracy of the determinations of time and the proper correc- 
tion for each, and furnishes a means of controling the determin- 
ation of the epicentrum given above. If this hyperbola be thus 
drawn on profile paper in large scale, we can read off directly 
the true transit velocity = the number of units on the axis of 
abscissas (miles) measured off by the curve in passing over one 
unit on the axis of ordinates (minutes). For the earthquake 
under discussion this equalled 24 nautical miles per minute, or 
742 meters per second. The center of the hyperbola, or the point 
at which the asymptote prolonged cuts the axis of ordinates, 
gives ¢°, i. e., the time of the initial shock at the centrum, and 
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the distance of this point from the focus of the hyperbola gives 
the time occupied by the wave in passing vertically froin the 
center or origin of the shock to the surface of the earth. The 
latter value multiplied by the mean transit velocity already 
obtained, gives the depth of the “centrum” in miles. 

The first of these constants (¢°)—the time of the initial shock— 
is, in this case, easily determined by drawing the hyperbola; 
the second, however—the distance of the center of the rand 
from its focus—is not attainable from the lack of observations 
near the epicentrum. The method fails here only from lack of 
observations, and not from anything inherent in itself. In this 
case the author employs the method of Mallet, and calculates 
the depth of center of shock from the direction of cracks pro- 
duced in buildings in the most violently shaken portion of the 
earthquake area, and reaches the conclusion that “the depth of 
the true focus (“centrum”) of the earthquake of March 6, 1872, 
may have equalled in minimum 7°76 nautical miles =14,360 
meters, in maximum 11°64 n. m. =21,470 meters; the mean 
depth being 9°68 n.m =19,850m. This completes the second 
part of the work (pp. 104-170); and in a third part (pp. 
171-188), the author collects his results and compares them 
with those obtained for other earthquakes by Mallet and 
Schmidt, calculating, by the method employed above, the con- 
stants, not obtained by these writers, from the data given by 
them. 

Depth of the Center.—The author compares the depth of cen- 
ter of the Neapolitan earthquake, as given by Mallet, with the 
result obtained above, draws in plate 11 the hyperbola for the 
Rhenish earthquake of 29th July, 1864, from numbers given by 
Julius Schmidt, and, in plate 111, that for the earthquake of 
Veterna hola, using data supplied by the same author. The 
four results are tabulated below, and give all the data at 
present known for the depth of center of earthquakes. The 
depths are in nautical miles. 

Locality. Date. Calculator. Mean. Maximum. Minimum. 
Middle Germany, 6 Mar., '72, v. Seebach, 9°68 11°68 716 
Naples, 58, Mallet, 11-765 8-125 2°75 
Rhineland, 29 July, 64, v. Seebach, 24° 20°93 
Veterna hola, 15 Jan., v. Seebach, 17°(?) 14°16 (?) 


Intensity.—The intensity at the earthquake center of the 
shock or blow which caused the vibrations, is here sought. In 
passing out from this center the intensity of vibration must 
grow less as the square of the distance from that center. And 
at the outer limit of the shaken region the intensity of the 
vibrations is approximately the same for every earthquake, 
because this outer limit is determined by the observations of a 
great number of individuals, and indicates only the point 
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where the vibrations cease to be perceptible to the senses, 
which would be when they had been weakened to a certain low 
constant intensity. The initial intensity would then be pro- 
portional to the square of the distance from the center to this 
outer limit. Calculated thus, the relative intensity is: 


Middle Germany, 3305°2 
Naples, 1252°6 
Rhineland, 1577°3 
Veterna hola (Hungary), 1612°5 


It follows that the intensity of an earthquake is, as a rule, pro- 
portional to its area, and that earthquakes of great intensity 
and limited area originate at a comparatively small distance 
below the surface. 

Transit Velocity.—The true average transit velocity of the 
four earthquakes under discussion, as found by the author, are 
given in the table below, together with the results obtained ex- 
perimentally by Mallet, at Killiny Bay and Holyhead, for the 
real transit velocity in different rocks by the explosion of mines 


of powder. 
Meters per second. Intensity. 


Middle Germany, 742°0 3505°2 
Naples, 259°7 1252°6 
Rhineland, 567°6 1577°3 
Hungary, 206° (?) 1612°5 
In wet sand, 251°4 
* granite much jointed, 398°16 
“ compact granite, 507°36 
“ quartzite and schist, 379°16 


One of the results of Mallet’s experiments at Holyhead—that 
the transit velocity increases with an increase in the intensity 
of the initial shock—is brought out clearly by the comparison 
in the table above of the initial intensity with the transit ve- 
locities of the first three earthquakes discussed. 

The form of the Centrum.—One of the most interesting and, 
at first sight, most startling deductions of the author, relates to 
the form and position of the area in which the shock originated. 
If this area had been, as has been heretofore assumed, spherical 
and of small dimensions, the region of most violent action (in 
overturning buildings, &c.) would have been in a circle around 
the epicentrum whose radius would have been 8°8 nautical 
miles. This is deduced from an interesting theorem given by 
Mallet.* The vibrations reaching the earth at the epicentrum 
will have of course the greatest intensity, but the horizontal 
component will then be zero, and as one passes out from the 
epicentrum, although the intensity of the vibrations diminishes, 


* Brit. Assoc. Rep., 1858, p. 101. 
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the horizontal component increases more rapidly, and thus the 
zone of maximum disturbance will be in a circle at some dis- 
tance from the epicentrum, its position being expressed, for a 
homogeneous perfectly elastic medium, by the equation : 
a:h:r=1: 72:78. 

a=radius of circle of maximum disturbance, 

h=depth of centrum, 

r=distance from centrum to circle of maximum disturbance. 


The zone of greatest disturbance in the earthquake under 
discussion was found by observation not to fulfill these condi- 
tions, but to be a short curved band at a distance of forty nau- 
tical miles to the N.W., and lying not concentric but radial to 
the epicentrum. In explanation of this anomaly the author 
makes the same assumption concerning the shape of the cen- 
trum which was made by Mallet concerning that of the Neapo- 
litan earthquake, and which seems a priori the most probable, 
namely, that it would be a fissure in the earth’s crust, and 
would be a plane and not spherical. If now this plane be 
placed at an oblique angle to the horizon, the vibrations will 
have a greater intensity in a direction normal to the length of 
the surface, and on the other side of the plane the direction of 
greatest intensity would be toward the interior of the earth, 
and the zones of equal intensity would be elliptical, as they are 
seen to be partially in plate 1. If, then, a line be drawn from 
this area of greatest disturbance to the centrum, the plane of the 
latter must be normal to the line. This fixes the dip and strike 
of the fissure whence, and possibly by the formation of which, 
the shock originated. We give the result in the author's own 
words. “The centrum—the focus of the earthquake of March 
6, 1872, lies near Amt-Gehren, 9°6 nautical miles beneath the 
earth’s surface, and is most probably a fissure, which strikes 
N.N.W. and S.S.E., is, however, of only slight horizontal ex- 
tent. This fissure is not vertical, but dips E.N.E. into the 
interior of the earth.” 

We have sought to give a clear résumé of the contents of 
this valuable work, both of the methods employed and the 
results obtained. We should, however, wish, with the author, 
that these results, though in themselves valuable and instruc- 
tive, should be taken rather as an illustration of a new and 
valuable method, which is especially applicable where Mallet’s 
could not be used—in regions visited by earthquakes of slight 
intensity and wide extent, as, possibly, for the regions whose 
centers lie near Montreal and Portsmouth, N. H., and certainly 
for California. For the latter region especially, the ease and 
rapidity with which, by this means, all the elements of an 
earthquake may be obtained, should enforce the important 
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recommendation made by Professor Whitney* to the natural- 
ists of that State, that an important field for scientific research 
is here opened to them—the erection, namely, at suitable local- 
ities, of simple, inexpensive and permanent seismometers, like 
those described by Mallet in the Admiralty Manual, and rede- 
scribed in the work under review with important simplifica- 
tions, which would enable one to give for each station—with 
but moderate expense for erection, and none for maintenance 
of instruments—the exact time and intensity of each shock. 

It seems not too much to hope, with the author, “ that here- 
after no earthquake will visit a civilized region without the 
attempt being made to discover, by the method here proposed, 
which would require for its application but a few hours’ time, 
its geologically important elements.” 

Notr.—The work of Professor v. Seebach is already bearing fruit in Germany, 
and the earthquake of 22d Oct., 1873, in the northwest portion of the Rhine Prov- 
inces and the adjacent parts of Belgium and Holland, the most violent of a long 
series extending through the months Sept.—Dec., is to be the subject of a similar 
investigation at the hands of A. v. Lasaulx.—Jahr. f. Min., 1874, p. 167. 


[Dr. von Lasaulx’s admirable paper has already appeared, at Bonn, and is 
noticed in this volume, at page 392.—Eps. 


Art. XXXVI—A Jet Aspirator for Chemical and Physical 
Laboratories ; by Prof. Ropert H. RicHArDs. 


DurinG the winter of 1868-9 I was called upon by Pro- 
fessor Storer to put up, in the chemical laboratory of the 
Massachusetts Institute of Technology, the aspirator which 
has, quite commonly, gone by the name of the Bunsen filter 

ump. Some experiments were made to ascertain the best 
form of filter pump, the results of which may be found in 
the London Chemical News for Aug. 12, 1870. 

This aspirator (as all who have used it are aware) relies 
upon the column of water which has passed through it for its 
power, and there are two main conditions of its success. 1. 
The slower the water is fed to it, the greater will be its power. 
2. The column of water which performs the work dates from 
the aspirator downward to the point of outlet. The longer 
this column, the greater will be the power of the aspirator. 

While working at Bunsen’s filter pump it occurred to me 
that the great force of water which is fed to the building from 
the hydrant (which was entirely lost in Bunsen’s and Spren- 
gel’s apparatus) ought to be made available. Accordingly, I 
looked up the subject in the winter of 1870-71, to see what 
had been done in the way of jet pumps, etc. Giffard’s injector 
was the most perfect and accurately described of anything that 


was found. 
* N. A. Review, vol. eviii, p. 518. 
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In Ewbank’s Hydraulics I found quite a number of jet ar- 
rangements, none, however, which in any way touched the 
problem which was before me, i. e., to draw air by means of a 
pressure of water drawn from a hydrant. A jet pump was 
then made somewhat of the form presently to be described, but 
which received its water supply from the side tube 4, fig. 1, and 
drew the air in through the central tube /. 

With this form of aspirator the air was rarefied to about one- 
half its normal density, 380mm., but the instrument used an 
enormous quantity of water (and Boston water rates are high), 
and it was found to be a matter of the greatest nicety to adjust 
the tube 7 in order to obtain any aspiration at all. For these 
reasons, after a number of trials it was abandoned. 

Quite a number of instruments were then made to ascertain 
whether water fed through the central tube 7 would draw air, 
but in every case the water came in in the form of a fine jet, 
and entirely failed to bring with it the air. 

The idea then occurred to me that if some means could be 
devised to break up this jet into foam it could not fail to carry 
the air along with it and produce the exhaustion desired. 
Accordingly, in the autumn of 1871, an aspirator of the same 
form as Giffard’s injector was made and placed in an inverted 
position, fig. 2. The jet at first was broken into spray at 7, and 
returning downward to 7, it converted the whole water jet into 
foam, and the instrument was a complete success. However, 
this form was difficult to make, and as its principle had been 
attained, it remained to find a simpler shape which should pro- 
duce the same result. The zig-zag bends now used were hit 
upon and proved entirely successful, and the form was so sim- 
ple that no further changes were sought. This form was per- 
fected during the winter of 1872-3 and was shown before the 
Society of Arts at Boston, in April, 1873. 

Since the middle of July, 1874, I have tried a number of ex- 
periments with a view to ascertain the best form of the aspira- 
tor and also under what conditions it can be most successfully 
employed. 

There are several points which must be studied separately to 
produce a perfect instrument. If w=diameter of jet, fig. 3; 
a=diameter of the apex of the cone a o ; o=diameter of base 
of the cone and outlet tube; then the points for our considera- 
tion will be as follows: 

(1) The relative size of w and o; (2) the relative proximity of 
a and w; (8) the form and angle of the cone joining a mee § 0; 
(4) the relative sizes of a and w depending upon: 

(a) The amount of water column pressure; (5) the amount of 
rarefaction desired ; (c) the quantity of air desired. 

(1) The relative sizes of w and o.—As has been previously 
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stated, a successful aspirator of this form must have true foam 
existing in its outlet tube o when it is at work, and it is evident 
that the larger this tube becomes relatively to w, beyond certain 
limits, the less will be the probability of our attaining a true 
foam. On the other hand, the smaller the tube o relatively to 
w the greater and more injurious will be the retarding force of 
friction. While keeping these two limits in sight the follow- 
ing experiments were made, the air being freely admitted. 
Aspirators of these sizes were tried. 


w? 0? =1: 15 gave foam. 
* 
w?:027=1:24 “ tube of water. 


which determines approximately that 1:20 is the most eco- 
nomical ratio. 

(2) The relative proximity of a and w.—I have made no 
special determination to get at this distance, nor do I believe 
that there is an exact value to it which is better than all others. 
I have found, however, that if (in the aspirators made on the 
scale that I shall presently describe) this distance much exceeds 
one-quarter of an inch, it will invariably be fatal to the success 
of the aspirator. This failure seems to be accounted for by the 
fact that nearly all of these aspirators have a more or less jerky 
movement and the water for an instant comes back into the 
chamber ¢, fig. 8. When this happens, unless w is close to a, 
the jet of water issuing from w will lose its identity in the mass 
of water below it and the aspirator will become powerless. 

(3) The form and angle of the cone joining a and o.—The 
state of things in this aspirator is not directly, in so many 
words, water pressure stemming atmospheric pressure. It 1s 
the loss of momentum incurred by this rapid jet, which carries 
along- and drives out the atmosphere. Other things being 
equal, the quicker we can stop this jet the greater will be the 
loss of momentum per minute, and hence the greater the power. 
Therefore, if we could stop instantly the stream which moves 
at ten miles or more per minute (1202 ¢.c., through a jet ‘040 
of an inch in diameter), we could make it perform, by this 
means, its greatest work. That is to say, if we join a and o by 
a sharp shoulder, this result will be attained. But by doing 
this an unlooked-for state of things modifies our conclusions. 
An eddy is formed in the angle of the shoulder where the water 
lies idle (see fig. 4) and apparently out of the lines of force 
from the jet. This eddy easily makes its way up into the 
chamber c and paralyzes the aspirator. 

The following rough experiment was made to ascertain, if 
possible, the exact position of these lines of force. An aspirator 
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was cut off at a (see fig. 5), and its lower extremity a was 
dipped into a large beaker full of water and the water pressure 
turned on to determine the form in which the foam would 
naturally arrange itself. It assumed the form of a perfect cone, 
with no observable curve. 

The angle of this cone was determined under quite a number 
of different pressures, to see if it would vary with the pressure. 
The method of measuring the angle was rough (sighting by two 
rulers and transferring to paper), but the angle does not seem 
to vary with the pressure. 


I, 
Water pressure, in 
mm. of mercury which Angle of 
would balance it. foam outline. 
2054 17° 
2054 173° 
2054 14° 
1521 16° 
1275 16}° 
1103 143° 
892 
425 18° 


The exact condition of things in this aspirator seems to be 
that the water jet, on arriving at a, fig. 8, is obliged to fill the 
whole cross section at a, thus forming a wad or diaphragm 
which, if we trace in its forward movement to 0, we shall find 
that this elementary portion of the jet must do one of two 
things in order that it shall fill the cross section at o: it must 
either lose momentum or it must take air with it to help it to 
fill up the space. Practically both these things take place. 
Sufficient reason has already been given for having the angle 
of this cone as large as possible (i. e., the elimination of friction 
and the most rapid reduction of momentum). 

The following experiment, however, was tried with a view 
to prove these points. An aspirator (fig. 6) was made, having 
a=oand w:a= 056”: 080”. The distance from a to o was 
varied by cutting lengths successively off: the length ao is 
noted under each experiment in the table. 


ao. Air tension. 
5°2 inches, 0 mm. 
4° 932 
3° 521 
2° 628 (74 


This indicates that the shorter the constricted tube a o became, 
the better was the result in exhaustion. 

The experiment just described also distinctly shows that the 
aspirator must have a definite point assigned for the field of 
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contest between the air and water. Figures 7 and 8 are very 
poor forms, while fig. 9 is an excellent one. Experience in 
making a large number has verified this, and when the angle is 
made 17° the water is always able to stem and hold at bay as 
much of the atmosphere as its pressure is able to push out. 
An experiment was made to prove this. An aspirator with an 
angle of 35° was attached to the water supply and to the man- 
ometer, and while using 2287 mm. water pressure, gave 538 mm. 
air tension, when the water ran back into c and the aspirator 
was paralyzed. The angle of this same instrument was then 
changed to 17° by re-melting the glass, and at the next trial it 
roduced a certain proportion of the vacuum, 5388 mm. same as 
before, but this time it stemmed the atmospheric pressure and 
the water was unable to flow back again, proving the efficacy of 
the 17° angle for the cone. It may pad wi in the future be 
proved that some curved outline, for instance a trumpet-shaped 
enlargement, would be more efficacious than a true cone, but 
I have not as yet been able to experiment on it, and the true 
cone which I have assumed has brought very good results. 

(4.) The relative size of a and o depending upon— 

(a) The amount of water column pressure. 
(0) The amount of rarefaction desired. 
(c) The quantity of air desired. 

As ais the scene of contest between the pressure of the 
water exerted downward and the atmospheric pressure exerted 
upward, the chamber c being vacuous or partially so, it seemed 
as an a priori certainty that, in order to have the water and air 
balance each other, the ratio of areas of a: w should bear some 
definite proportion to the ratio of pressures of water and air; if, 
for instance, P = the pressure of water and Q= the atmospheric 
pressure, then it would seem probable that this equation would 
satisfy all the conditions (a and w being diameters): 

Pxw?=Qxa?. 
If this question was merely a statical one, this would un- 
doubtedly be true, but momentum enters very prominently into 
the discussion during the process of exhaustion, and it would 
seem as though it must change the state of things, although 
when the absolute vacuum is reached the instrument is in true 
statical equilibrium. The experiments presently to be no- 
ticed were made with a view to answer these questions. A 
gauge was made for measuring the water pressure shown in fig. 
11, which gives the whole arrangement of barometer, air man- 
ometer and water gauge. I isa funnel tube for replenishing 
the mercury; R is a reservoir to contain the mercury; G is 
the gauge tube, sealed above, and having an arbitrary scale 
calibrated to read equal volumes within the gauge tube; B is 
the balance tube. The operation of measuring water pressure 
by means of this gauge is as follows: 
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(1.) Open C,, fill R, close it again. 

(8.) Let on the water pressure which causes the mercury in 
B to fall and that in G to rise. 

(4.) Bring the mercury in B opposite to and on a level with 
that in G. This is done by raising the mercury with cock C, 
or by lowering it with cock C,, as the case may be. Now take 
the reading: call it r. 

(5.) Shut the water off and bring B and G again on a level, 
while C, is open for free admission of the atmosphere. Take 
the reading and call it R. 

(6.) A barometer by the side of the air manometer will tell 
the number of mm. supported by the atmosphere: call it n and 
let m = the number of mm. of exhaustion shown by the air 
manometer; then by the law of gas tension we have—when the 
aspirator has produced a perfect vacuum— 


> xn=mm. of mercury, able to balance the pressure of water. 
When the aspirator is open to the free admission of air— 
> Xn—n= mm. of mercury, as above. 
When the aspirator has produced a partial vacuum— 
—Xn—(n-m)= mm. of mercury, as above. 


These formule give the pressure of water which is actually 
called into use by the aspirator. 

In order to test the relative sizes of a and w as best suited 
for various columns of water, seven aspirators were made in 
glass, of varying dimensions, which are here shown: 


II, 


w. a. 0. Ratio w*?:a®. Cone angle. 
Inches. Inches, Inches. 
No. 1, 068 17° 
"052 ‘090 1:3 
"0425 085 *250 1:4 
0635 "254 1:15 


The dimensions are all given in fractions of an inch, and I’ feel 
confident that the error does not exceed ‘002”. These fine 
measurements were made with a Brown and Sharp’s microme- 
ter gauge, and the method employed was this: A very acute 
cone of glass was dropped into the partly finished pump (fig. 12) 
to measure a and its exact point of contact noted by the scratch 
of a file. The diameter of the cone at the point of contact was 
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measured by the gauge. To obtain the jet w, a having already 
2 


been measured, let laa ho the ratio which we desire to fulfil, 


a? 
then Fate diameter of w which we require. Another 


acute glass cone is cut off at the right diameter by means of 
the gauge and a file, and the apex half of this cone is dropped, 
base downward, into the already formed jet (fig. 13), which is 
then cut off exactly at the base of the cone. The greatest 
source of error lies in the fact that the steadiest hand cannot 
always rely upon making the cross section of his jets true math- 
ematical circles. 


Explanation of letters, terms, etc., used in the following experiments. 


G, is the column recording the gauge readings under the at- 
mospheric pressure alone. 

G, is ditto when the water has been turned on and the aspira- 
tor has attained its greatest vacuum. 

G, is the column recording gauge readings taken just after G, 
and with only one change in the apparatus, i. e., the air is 
freely admitted to the aspirator, the water cock remaining 
untouched. 

H, 4 and H-A are the air manometer readings, the latter giv- 
ing the number of mm. sustained by the difference in ten- 
sion between the normal and the exhausted air. 


In each case below will be found a calculated statement of 
the actual water pressure which was used to sustain the (H-h) 
of the atmosphere, which is placed next to it on the same line. 
One pair of columns is marked “with vacuum,” the other 
“without vacuum ;” in the first of these the water pressure is 
calculated from G, and G,. 


R 
r 
In the second it is calculated from G, and G,. 


xn—(n—m)= 4 n—(H—A) }. 


r 3 
The exact cause of the difference of readings G, and G, is 
worthy of note. The reading G, is taken when the water cock 
isin exactly the same position as when G, was read, but the 
atmosphere has been admitted to the chamber c and the addi- 
tional impelling force to the water which lowered G, is now 
wanting and hence the gauge rises when G, is taken. The 
question may be asked, “ what right have we to charge to one 
experiment a different amount of pressure from what we do to 
another when the gauge in both cases reads the same, or, as some- 
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times happens, the difference between the readings would indi- 
cate an opposite difference (i. e., the smaller one greater than 
the larger), from the resulting calculation.” My answer is that 
when the atmosphere is admitted it balances the atmospheric 
pressure on top of the feed reservoir, and when it is not admit- 
ted, the whole atmospheric pressure is added to that of the 
column of water which exerts the force, increasing its power by 
15 lbs. on the square inch, and if there ‘is need of further proof, 
it may be obtained from a set of experiments noted by the aster- 
isks below each set of trials. It will there be seen that more 
water came through the aspirator when it was producing a vacu- 
um than when it was not, even though the pressure gauge read- 
ings were the same, which plainly indicates that with the vacuum, 
there is greater impelling force to the water than without it. 


ASPIRATOR No. 1. a®: w*=1: 1. 
a= Barometer, 764 
w= ‘068 Air, 74° F, 
= ‘250 Water, 72° F. 
vecord of experiments. 
G,. G,. H. h. Gs. H. h. 
1732 900 743 14 7414 750 415 415 0 
1000 730 18 112 811 415 415 0O 
Calculated results. 
With vacuum. With no vacuum. 
Water P. Air tension. Water P. Air tension. 
1448™m™ 100¢ mm 
1271 712 867 0 
ASPIRATOR No. 2. w? a? =1: 14. 
a= 075" Barometer, 766™™ 
w= Air, 75° 
o = ‘240 Water, 73° F. 


Record of experiments. 
Ge. H. h. H—A. G3. H. h. H—A. 


1740 900 744 1 7438 727 415 415 0 
1740 1000* 742 3 739 775+ 415 415 0 
1740 1050 689 a 618 825 415 415 0 
1000 t 
Calculated results. 
With vacuum. With no vacuum. 
Water P. Air tension. Water P. Air tension. 
145 7mm 743mm 1057™™ 0 
1305 739 954 0 
1121 618 850 0 


* 1990 c.c. of water passed per minute. + 1708 cc. of water passed per minute. 


i 
i 
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ASPIRATOR No. 3. w*=2:1. 
a= ‘078" Barometer, 762™™ 
w= Air, 74° FB, 
0 = *230 Water, 72° F. 
Record of experiments. 

G,. Gy. H. h G3. H. h. H—h 
1732 500 744 | 743 493 415 415 0 
1732 810 743 2 741 685 r * 0 
1732 910 742 3 739 730 ee 0 
1732 914* 740 6 734 740t = - 0 
1732 940 735 114 723} 750 0 

Calculated results. 
With vacuum. With no vacuum. 
Water P. Air tension. Water P. Air tension. 
2620™™ 743™0 1915™™ 0 
1608 741 1164 0 
1427 739 1045 0 
1416 734 1021 0 
1865 7234 997 0 
ASPIRATOR No. 4. a®*:w*=38; 1. 
a= ‘090” Barometer, 764™™ 
w= Air, 75°F. 
o = ‘230 Water, 73° F. 
Record of experiments. 

Ge. H. h H—h. G3. H. h 
1732 570 740 53 7344 565 415 415 0 
1732 600§ 736 11 725 ook 415 415 0 

600 
Calculated results. 
With vacuum. With no vacuum. 
Water P. Air tension. Water P. Air tension. 
2292™m 4 15782" 0 
2166 725 1498 0 
ASPIRATOR No. 5. 30° =6: L 
a= Barometer, 764™™ 
w— °0425 Air, 75° 
o = ‘250 Water, 73° F. 
Record of experiments. 

G,. G.. H. G,. H. 
1731 550 742 34 7384 550 415 £15 0 
1731 572** 741 4 737 566tt 0 
1731 600 737 11 726 582 - ” 0 

572}f 
* 1577 c.c. water passed per minute. ; 1800 c.c water passed per minute. 
** 1148 c.c. water passed per minute. ++ 956“ 


tt 953 “ “ 
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With vacuum. 


Water pressure. 
1448™™ 
1457 
1608 
2292 
2378 
2774 
2301 


* 1202 c.c. water passed per minute. 
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Calculated results. 


Water P. Air tension. Water P. Air tension. 
2378 7385™™ 1639™™ 0 
2285 737 1572 0 
2176 726 1508 0 
ASPIRATOR No. 6. a? :w?*=5:1. 

a= 090" Barometer, 

w= Air, 75° F, 

o = °270 Water, 72° F, 
Record of experiments. 

G,. G.. H. ik H. h 
1732™" «471 740 6 734 471 415 415 0 
1732 739 7 7314 490+ «“ «“ 0 

500f 
Calculated results. 
With vacuum. With no vacuum. 

Water P. Air tension. Water P. Air tension. 
2774mm 734mm 20389™m 
2609 7314 1931 0 
ASPIRATOR No. 7. a®; w*=15: 1. 

a= ‘246” Barometer, 764™™ 

w= Air, 

oO = ‘254 Water, 72° 
Record of experiments. 

G,. H H-h 

1748 46 495 320 175 Air and water exactly bal- 
anced each other. 
Calculated results. 
With partial vacuum. 
Water P. Air tension. 
2301™™ 175™m 


Comparison of the amount of water column pressure re- 
quired by aspirators of different ratio, in order that they may 
produce an approximate vacuum : 


III, 


Air tension. 


With no vacuum. 


Ratio of Aspirator. 


7413™™ 
743 1:14 
741 1:2 
7344 1:3 
738} 1:4 
734 1:5 
175 1:15 


+ 1037 c.c. water passed per minute. 


a 
\ 
4 
i, 
i) 
4q 
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From which we may obtain the following table: 


Tasie IV. 
Actual ratio. Ratio of Difference between 
Air tension: Water pressure. w* : a? pressure and area ratios. 
1°954 1° + 954 
1°961 1°5 + ‘461 
2°170 2° + ‘170 
3°120 3° + °120 
3°220 4° — ‘780 
3°793 5° —1°207 
13°148 15° — 1°852 


This table shows a distinct variation from the theory enun- 
ciated above, Qxa?=P: w®, and so long as the actual pressure 
ratio is larger than the theoretical area ratio, it would seem to 
be accounted for by friction; but when, as in the last three 
cases, it becomes less, I confess I am at a loss to discover the law. 
The differences form a very nice series, growing less and less 
until they become negative quantities, but up to the time of 
writing I have failed to ascertain the cause. At the first glance 
it looks as if the water was doing more than its theoretical 
amount of work ; momentum surely cannot account for it. 

Experiments to determine the relative amounts of air and 
water used by the different aspirators under a constant air ten- 
sion, and in each case with that water pressure which is the 
minimum required to produce its best vacuum. Barometer 
767, air 74° F., water 78° F. 


Record of’ experiments. 


Aspirator. G,. Gy. H. h H—A. Time. Amt. air. Amt. water. 
No. 1 1734 906 450 374 76 Imin 1837c.¢. 
No. 2 1000 450 874 76 335 1390 
No. 3 “ 910 450 874 76 . 578 1227 
No. 4 * 570 470 350 120 “ 900 1644 
No. 5 - 550 460 362 98 a 634 1016 
No. 6 471 450 374 76 757 1110 
No. 1 si 900 600 186 414 . 332 2266 
No. 2 1600 182 1840 
No. 3 910 225 1469 
No. 4 “ 570 “c “ “ “ 383 1754 
No. 5 550 470 1108 
No. 6* 1755 476 520 1160 


Calculated statement for comparison of relative air and water 
volumes of the different aspirators. 


* Tried at another time, bar. 764, air 77°, water 72°. 


q 
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TABLE V. 


Ratio air to’ 
Aspirator. Water pres. Air ten. water volume. Time. 
No. 1 3°588 1 min. 
No. 2 639 4°015 
No. 3 771 2°123 
1686 1'826 
1749 1°602 
2133 1°466 
1125 6°825 
977 10°110 
1109 6°524 
1980 4°551 
2065 2°351 
2467 2°357 
When the experiment is made, C, is arranged to give the 
desired pressure on the water gauge, and the air in K is par- 
tially exhausted until the air manometer reads the desired fig- 
ure. (©, is then closed, and when the watch comes to a con- 
venient second, 7 is instantly put under to catch the water and 
C, is at the same instant opened. The manometer is pre- 
vented from rising and indeed held exactly on its desired read- 
ing by means of cock C,. At the instant the minute is up, 7 is 
removed and C, closed; then 7 contains the whole of the water 
used, and the number of cubic centimeters of water required to 
fill F again represents the amount of air drawn. To be sure, 
there is a slight error from having the levels of water in K and 
F different, but this is entirely insignificant when compared 
with the forces at issue. 
Experiment to ascertain the length of time required to pro- 
duce a vacuum in a vessel of given size. Aspiratora?:w?=6:1. 


Water pres. H-A. Time. Water pres. H—A. Time. 
2774 714 1 min.* 2774 637 5 min. 
“ 731 1 4 662 “ 
693 
212 702 
394 14“ 709 
474 * 714 
509 24 “ 721 
548 723 
577 34 “ 727 t 
601 729 
* Aspirator attached to manometer only. The cock C,, fig. 14, was closed. 
+ The other figures record a series taken with C, open and the aspirator 
attached to a vessel which was partly full of common water and which had 1145 
c.c. of air space above the water. 


¢ At this time the water was effervescing quite freely. I did not try to get 
H—h” down to 731 mm. as above. 


| 
| 
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Another experiment to determine the amount of time needed 
to exhaust a vessel of known capacity. Aspirator a? : w?=5:1. 


Water pres. | Water pres. 

approximately. H—h. Time. approximately. H—Ah. Time. 
2774 725 $min.* | 2774 676 4 min. 
“ "37 1 * 703 5 “ 

“ "39 14 &* “ 712 5} “ 

739 2 725 64 “ 

“ 727 7 

0 0 t “ 729 8 

549 * 739 * 

633 * 739 20 


In order to ascertain how long any vessel will require for 
exhaustion the law is directly as the volume. A flask of dou- 
ble capacity takes twice as long. 

The experiments below were made to ascertain the maximum 
exhaustion attainable by these four aspirators, the readings 
being taken much more closely than those given previously. 
Barometer 767°2™", air 764° F. 


Aspirator. Water temp. Gy). Go. H. h. H—A. 
No. 1 74° 1740 520 744 0 744 
No. 2 734 1740 520 744 0 744 
No. 3 74 1740 500 744 0 744 
No. 4 73 1740 500 743 13 7414 


Table showing the amount of rarefaction attained by each 


aspirator when doing its best work by means of the pressure at 
hand. 


TasLe VI. 

Aspi- H—A. Ag. vapor Water Water Bar. B+(H-h+V). 
rator. tension. temperature. pressure. B. 

No. 1 744 21°70 74° 2544 767°2 1°50 
No. 2 744 21°39 734 2544 767°2 1°81 
No. 3 744 21°70 74 2647 767°2 1°50 
No. 4 7414 21°09 73 2644 767°2 4°61 
No. 5 7384 21°09 73 2378 764° 4°4] 
No. 6 734 20°47 ° 72 2774 762° 8°53 
No. 7 175 20°47 72 2301 764° 568°53 


The column B—(H—/A+V) in this table shows us the error of 

the aspirator, i.e. the number of millimeters that its air exhaus- 

tion varies from the theoretical perfection to be aimed at. The 

pump will never be able to eliminate the tension of aqueous 
* Aspirator attached to manometer only; cock Cg, fig. 14, was closed. 


+ The other figures record a series with C, open and the aspirator attached to 
a flask without any water in it, of 1340 c.c. capacity. 
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vapor so long as water is used in it. I have made one attempt 
to produce a mercury pump to work upon the same principle, 
but the instrument was not a perfect success. It will need study 
to secure its best form, and to ascertain whether it can be made 
more available than Sprengel’s fall pump, which is now com- 
monly in use. 

An experiment was made to ascertain whether the form of 
the converging cone which connects the reservoir c, and the 
constricted point a, fig. 8, influences in any way the success of 
the aspirator. ‘The form of aspirator used was that represented 
in fig. 10., which removes the converging cone entirely. The 
data of the experiment were :—w= 056”, a= 080”, a?:w? =2: 1. 
The barometer stood at 7734. 


Air tension. Water pressure. 
745-40" 
742°3 1621°2 
737° 1505°5 
In the second experiment the aspirator was about at its limit, 
i. e., an increase of water pressure would not materially increase 
its power, while a slight decrease would seriously impair its 
power, which gives us an opportunity to compare this form of 
aspirator by means of Table IV with an aspirator of the ordin- 
ary form: 
Ratio Ratio 
Air ten. to water pres. 


In aspirator fig. 10, 2°09 1:2 
2°17 1:2 
The difference between these two numbers 2°09 and 2°17, is 
slight when we consider the extreme difficulty of obtaining 
the aspirator’s exact limit. It may be concluded, therefore, that 
the converging angle does not influence the power of the in- 
strument. But I found that the form fig. 10, although of the 
same vacuum-sustaining power, required a great deal longer to 
roduce the vacuum, as many bubbles of air were seen bound- 
ing off from the sides of the cone a o which ought to have been 
carried down in it, and very probably would have been carried 
down if a had been joined to c, by a converging cone. I there- 
fore conclude that the converging cone joining c and a does 
not influence the quality of the instrument, but that it does in- 
fluence the quantity of air carried by the instrument. I find 
that an angle of 17° for the converging cone ¢ a as well as for 
the diverging cone a o yields very satisfactory results. 

Prof. Mixter informs me that Fechner of Berlin uses a jet 
aspirator differing in form and principle from my Giffard’s in- 
jector experiment, only in the fact that he fills the cone a o with 
foam by placing o in a beaker of water. 


i} 
i 
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From Prof. J. Lawrence Smith, I learned a few days since, 
that a metallic jet aspirator is used in France. The maker and 
the particulars of its form he did not recall at the moment. 

In the store of Messrs. Codman & Shurtleff of Boston I find 
an instrument called a saliva pump, made to be screwed to the 
hydrant at any point. This instrument, while it is essentially 
the same as mine, differs in obtaining its foam in the cone a 9, 
fig. 3, by an obstruction which is introduced at o. The coneao 
is much too acute, according to my experience, but I should 
judge that it would do fair work, and for its present application 
is just as good as if it had the most economical form. This 
instrument was invented and is now made by Dr. J. E. Fisk 
of Salem, Mass. 

Mass. Institute of Technology, Boston. 


Note.—Since writing this account, I have given dimensions 
and rules for the manufacture of these aspirators, to suit ap- 
proximately any head of water, to Mr. KE. B. Benjamin, 10 
Barclay street, New York city, who has in his employment an 
excellent glass blower, and I have sent samples of my own 
manufacture to aid him in reproducing my idea. It will be 
necessary for persons desiring to obtain the aspirators to make 
several determinations during the same day of the column of 
water which they have at hand. Figs. 15 and 16 show the 
apparatus which is all sufficient to obtain an approximate de- 
termination of sufficient accuracy for the purpose. The U- 
tube may be of 4th inch bore and of same diameter at both ends, 
one foot long, should have a slight rib at the top, should be at- 
tached to the cock with a rubber connector containing cloth 
fiber to give it strength, and should be wired on with copper 
wire. About one half the quantity of mercury that would be 
required to fill the U-tube should be used. The four measure- 
ments, a, b, c, d, should be taken in mm. for each experiment, 
and after the experiment the U-tube will have to be very cau- 
tiously removed to allow a gradual expansion of the air in C. 
Fig. 15 shows the beginning of the experiment, fig. 16 the end. 

The following formula will give the approximate number of 
atmospheres of water pressure at hand, which must be stated 
in ordering from Mr. Benjamin. 


-=) : a( = 1 atmosphere : atmospheres of water 


760 760 
pressure. 
a—b 
ata. —— 
760 | atmospheres of 


d—c” ( water pressure. 
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I am aware that this formula gives one atmosphere more 
pressure than the water column yields; but if the reader will 
refer back to the experiments, he will find that the aspirator 
actually utilizes one atmospheric pressure more than is due to 
the water column, for high water pressures one or more atmos- 
phere, and for less powerful ones the aspirator utilizes a portion 
of an atmosphere more than is due to the column of water. 


Art. XXXVIL—On the Molecular Volume of Water of Crystal- 
lization; by FRANK WIGGLESWORTH CLARKE, S. B., Profes- 
sor of Chemistry and Physics in the University of Cincinnati. 


IT is an important problem in theoretical chemistry to de- 
termine the nature of the difference between water of constitu- 
tion and water of crystallization. Some time since it occurred 
to me that perhaps a clue to the solution of this problem might 
be obtained from a careful comparison of the molecular vol- 
umes of hydrates and crystallized salts) Having abundant 
data concerning specific gravities at my command, this work 
became comparatively easy; and, although I was not led to 
absolutely satisfactory results, I still came upon some points of 
considerable interest. Of course my chief difficulties arose 
from the discrepancies between different determinations of spe- 
cific gravity, as made by different experimenters. This diffi- 
culty was especially great in dealing with the hydrates; where 
in some instances two determinations of specific gravity for the 
same substance will differ by nearly fifty per cent. But the 
untrustworthy character of some of my material need not vitiate 
essentially the conclusions drawn from the whole mass. 

My first step was to determine whether the molecular vol- 
ume of water of crystallization is a constant quantity, or whether 
it is different in different salts. To settle this question, I had 
the published specific gravities of thirty-one anhydrous salts, 
and corresponding determinations for the same substances, plus 
water of crystallization. The needful calculations were of the 
most extremely simple character. Subtract the molecular vol- 
ume of the anhydrous salt from that of the hydrated compound, 
and divide the remainder by the number of molecules of water 
present: the quotient will be the molecular volume of the 
water. It will at once be seen that this method of calcuiation 
involves the assumption that the volume of the salt itself is 
constant ; an assumption which, a priori, is wholly unwarrant- 
able. In my work I started with it as a mere supposition, not 
as an assumption, and found it at the end to be wholly justified 
by my results. Let me now quote the data used in my work, 
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and subsequently present my conclusions. The following spe- 
cific gravity determinations were employed. The deduced 
molecular volume is placed after each one, in brackets: 


CaCl,, 2°240, Filhol (molec. vol. 49°6). CaCl, 6 aq., 1°635, Fil- 
hol (vol. 133°9). SrCl,, 2°8033, Karsten (56°5). SrCl,, 6 aq., 
1°921, Buignet (138°8). BaCl,, 3°886, Schréder (53°5). BaCl,, 
2 aq., 3°052, Schiff (79°9). FeCl,, 2528, Filhol (50°2). FeCl,, 
4 aq., 1:926, Filhol (1033). CoCl,, 2-937, Playfair and Joule 
(44°2). CoCl,, 6 aq., 1°84, Bédeker (129). CuCl,, 3°054, Play- 
fair and Joule (44). CuCl,, 2 aq., 2°47, Bodeker (69). MgCl,, 
2°177, Playfair and Joule (43-7). MgCl,,6 aq., 1°562, Playfair 
and Joule (129°9). 

Li,SO,, 2210, Kremers (46°6). Li,SO,, aq., 2°02, Troost (59°9). 
Na,SO,, 2°597, Playfair and Joule (54°7). Na,SO,, 10 aq,, 
1520, Filhol (196°6). CaSO,, 2°960, Naumann (45°9). CaSQO,, 
2 aq., 2°331, Filhol (73°8). MnSO,, 3:1, Bédeker (48-7). 
MnSO,, 5 aq., 2°087-2°095, Kopp (115°2). FeSO,, 3°138, Play- 
fair and Joule (484). FeSO,, 7 aq., 1°8889, Playfair and Joule 
(147°2). NiSO,, 3°643, Pape (42°4). NiSO,, 7 aq., 1°931, 
Schiff (145°4). CoSO,, 3°531, Playfair and Joule (43°8). 
CoSO,, 7aq., 1°924, Schiff (145°8). CuSO,,3°631, Playfair and 
Joule (43°9). CuSO,, 5 aq., 2°254, Playfair and Joule (110°6). 
MgSO,, 2°628, Filhol (45-7). MgSO,, 7 aq., 1°685, Schiff (145-9). 
ZnSO,, 3400, Karsten, Filhol (47°4). ZnSO,, 7 aq., 1°957. 
Buignet (146°7). Al,(SO,),, 2°171, Playfair and Joule (157°5), 
Al,(SO,),, 18 aq., 1°671, Playfair and Joule (39). 

CuK,(SO,),, 2°797, Playfair and Joule (119°5). CuK,(SO,),, 
6 aq., 2°16376, Playfair and Joule (20471). ZnK,(SO,),, 2°816. 
Playfair and Joule (11971). ZnK,(SO,)., 6 aq., 2°153, Schiff, 
Kopp (206). CuAm,(SO,),, 2°197, Playfair and Joule (132-7). 
CuAm,(SO,)., 6 aq., 1°891, Playfair and Joule (211-2), 
ZnAm,(SO,),, 2°222, Playfair and Joule (131°9). ZnAm, 
(SO,)., 6 aq., 1°897, Playfair and Joule (211:0). AIK(SO,),, 
2°228, Playfair and Joule (116). AIK(SO,),, 12 aq. 1°726, 
Playfair and Joule (276). AlAm(SO,),, 2°039, Playfair and 
Joule (116°4). AlAm(SO,),, 12 aq., 1°625, Playfair and Joule 
(279). 

Na,B,0,, 2°367, Filhol (85°3). Na,B,O,, 10 aq., 1°692, Filhol 
(2258). 

SrN ,O,, 2°857, Filhol (78°2). SrN,O,, 5 aq., 2°118, Filhol (148-3). 
CaN 2°240, Filhol (785). CaN,O,, 4 aq., 1°90, Ordway 
(130°5). 

Na,CO,, 2-430, Playfair and Joule (43°6). Na,CO,, 10 aq., 1°475, 
Schiff (193-9). CaCO,, 2°7000, Karsten (37:0). CaCO,, 5 aq., 
1°783, Pelouze (106°6). KNaCO,, 2°5289-2°5633, Stolba (48). 
KNaCO,, 12 aq., 1°6088-1°6334, Stolba (208 6). 

NaC,H,0O,, 1°421, Bédeker (59°8). NaC,H,0,, 6 aq., 1°40, 
Boédeker (137°8). 
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In this list it will at once be noticed that there is a consider- 
able variety of salts, varying in hydration from one to eighteen 
molecules of water. Chlorides, sulphates, both simple and 
double, nitrates, carbonates, borates, and acetates, are represented. 
Now, if we calculate from these data, the molecular volume of 
the water of crystallization in the manner already described, we 
shall get the following series of values: 


In CaCl,, 6 aq. 14:0 In CuK, (SO,)., 6 aq. 
“ SrCl,, 6 aq. 13°7 * ZnK,(SO,)., 6 aq. 14°5 
“ BaCl,, 2 aq. 13.2 CuAm,(SO,),,6 aq. 13°1 
“ FeCl,, 4 aq. 13°3 “ ZnAm,(SO,),,6 aq. 13°2 
“ CoCl,, 6 aq. 14°1 “ AIK(SO,),, 12 aq. 13°3 
* CuCl,, 2 aq. 12°5 * AlAm(SO,),,12aq. 18°5 
“ MgCl,, 6 aq. 14°4 

‘ “ Na,B,0,, 10 aq. 14°0 
“ Li,SO,, aq. 13°3 
“ Na,SO,, 10 aq. 
CaSO,, 2 aq. CaN 4 aq. 
“ MnSO,,5aq. SrN 206, 5 aq. 14°0 
“ FeSO,, 7 aq. 14°] 
“ CoSO,, 7 aq. 146 “ Na,CO,, 10 aq. 15-0 
“ NiSO,, 7 aq. 14°7 “ CaCO,, 5 aq. 13°9 
“ CuSO,, 5 aq. 13°3 “ KNaCO,, 12 aq. 13°4 
“ MgSO,, 7 aq. 14°3 
ZnSO,, 7 aq. NaC,H,0Ou,, 6 aq. 13°0 


“ Al,(SO,),, 18 aq. 13°4 
The mean of all is 13°76. 


Here, now, we have practically one value for the molecular 
volume of water of crystallization, no clearly marked exception 
having yet appeared to me. When, instead of selected single 
determinations of specific gravity, the average of all the reliable 
published values for each salt is used in the work of calculation, 
the uniformity becomes, if anything, more striking. The dif- 
ference between the extremes in the above series of values is 
less than is frequently found between two determinations for 
one substance. 

When we consider the variety of salts with which we are 
dealing, and the great differences in the extent of their hydra- 
tion, it seems certain that so remarkably uniform a series of 
values can be interpreted in only one way. 

When water unites with an anhydrous salt to become’ water of 
erystallization, that water undergoes the entire condensation which 
ensues, the volume of the salt itself remaining unaltered. That is, 
the volume of any salt containing water of crystallization is the 
volume of the anhydrous salt, plus that of the water condensed 
to a volume of 13°76. An idea of the amount of this conden- 
sation may be derived from the fact that the molecular volume 
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of ice is about 19°6. If, i in uniting with water of crystalliza- 
tion, the salts themselves were to undergo a change of volume, 
it is evident that, in such a variety of compounds, we could 
not possibly obtain a constant value for the water. Ev ery va- 
riation in the salt would produce a corresponding variation in 
the remainder. We might, indeed, get similar remainders for 
a series of salts of equal “hy rdration, ‘but we could certainly hope 
for nothing of the kind in comparing compounds with one, two, 
four, five, six, seven, ten, twelve, and eighteen molecules of 
water of crystallization. 

Now, turning to the hydrates, and studying them just as we 
have studied ordin: ary crystallized salts, we find a totally differ- 
ent state of affairs. Instead of getting a constant value for our 
remainder, we shall get a number of values having no apparent 
relation to each other. A few instances here and there will 
illustrate this fact. 


I,0,, 4°487, Ditte (74°4). I,0,,H,O (HIO,), 4:269, Ditte (82-4), 
K,O, 2°656, Karsten (35° 4). K,O, H, 0 (KHO), 2°044, Filhol 
(54°8). $°180, Filhol (17° é). H,0O, 2°078, Filhol 
(35°1). SrO, 4°611, Filhol (22-4) SrO, H,O, 3-625, Filhol 
(33°5). BaO, 5-456, Filhol (28:0). BaO, Hi 20, 4°495, Filhol 
(38). Mn,O (braunite), 4-752, Rammelsberg | (33° 2). Mn, 0,. 
H,O (manganite), 4°335, Rammelsberg (40°6). Fe,0,, 5°037, 
H. Rose (31°7). Fe 20, H,O (géthite), 4°37, Yorke (40° 7). 
Al,O, (sapphire), 4-001, Schaffzotsch (25°7). Al,O,, H,O 
(diaspore), 3°45, J. L. Smith (35° 0). B, Og, 1°803, Davy (38° 8), 
B,0,, 3H,0, 1°4847, Stolba (86-4). 


Arranging these serially and subtracting, we get the follow- 
ing remainders to represent the water : 


In I,0, 8°0 In Mn, 0,, H,0, 7°4 
CaO, 20) 175 Al,0,, 9°3 
$rO, H,0, 111 3H,0, 15-9 
BaO, 10:0 


It would “ oe to carry this out still farther, but alread 
the want of uniformity is striking enough. One niticrtics | 
however, is worth noting. The molecular volume of K,0, H,0, 
halved as it ought to be for KHO, is almost the exact mean 
between the values for ice, 19°6, ‘and K,0, 354. This, of 
course, is what we should expect. 

In the above series two things are noteworthy. First, the 
lack of uniformity, which indicates (but does not prove) what 
we would naturally expect, viz., that when an oxide unites 
with water to form a hydrate, both undergo condensation. 
Secondly, what supports the same idea, that the volumes thus 
arbitrarily calculated for water average much lower than the 
values obtained from crystallized salt. 
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To sum up, the evidence presented in this paper renders the 
following statement highly probable. 

When water unites with an anhydrous substance to become 
water of crystallization, the water undergoes the entire con- 
densation. When it unites as water of constitution, the con- 
densation is distributed throughout the molecule. The law of 
this distribution remains to be ascertained. 


ArT. XXXVIII.— Warwickite; by J. LAWRENCE SMITH, 
Louisville, Ky. 


Ir is several years since Professor Brush and myself, while 
engaged in the re-examination of American minerals, pointed 
out the mineral warwickite as possessing a peculiar composition, 
altogether different from what it had been supposed to have. 

The mineral was first described as a new species by Pro- 
fessor Shepard in 1838 (Am. Journ. Sci., vol. xxxiv), and 
again more fully in 1889 (ibid, vol. xxxvi, p. 818). In both 
of these descriptions, however, he.confounded two very dis- 
tinct substances, viz: the mineral proper and an impure variety 
of it, which, while possessing the general crystallographic form, 
contained but a small portion of the true warwickite; in fact, 
this impure variety bears about the same relation to the true 
mineral as the siliceous lime crystals, known as Fontainbleau 
limestone, does to calcite. The pure variety occurs in small 
slender crystals detached with difficulty from the gangue; this 
form was not analyzed by Professor Shepard, for he says that 
one of the crystals that furnished material for his examina- 
tion was five centimeters long by one centimeter across, and 
had no metallic luster, which luster really marks the true war- 
wickite, especially on the cleavage surfaces. 

The result of Professor Shepard’s analyses were so different 
from what I have found either in the pure or impure varieties 
that it is needless to give them here. 

Subsequently this mineral was taken up by Professor T. S. 
Hunt, and from his results he supposed that he had discovered 
a new mineral, which he called enceladite. But Professor Hunt 
fell into the same error as Professor Shepard from examining an 
impure mineral, finding as much as 18 per cent of silica, 14 of 
alumina and 7 of water. Subsequently Professor Hunt exam- 
ined a purer specimen and gave as its composition : 


43°5 


Loss by ignition. .-........--.- 
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His analysis showed a loss of nearly 20 per cent, which he 
thought had occurred by an accident to the sand bath during 
the analysis; and not having any more of the material, he was 
unable to verify bis results. 

It was just here that the re-examination of this mineral was 
taken up, which soon made it evident that the pure mineral 
had never yet been analyzed. The utmost care was taken in 
selecting the best specimens of the rock containing the mineral, 
and then, by mechanical and chemical means, in separating the 
mineral from the rock; then again in crushing up the small 
crystals and selecting out the pure little fragments under a 
strong glass, the pieces usually not being more than a milli- 
meter in size; and thus nearly as much time was consumed in 
selecting and purifying the mineral as in analyzing it, although 
the latter was slow work. 

When pure warwickite was examined, it was found that 
one of its most important constituents had been overlooked. 
But so little of the pure mineral was then at our disposal, 
and so difficult was it to separate it from the associated min- 
erals, that all that could be arrived at, at that time, was the 
discovery of over 20 per cent of boracic acid, and the estab- 
lishment of the fact that warwickite was essentially a boro- 
titanate of magnesia and iron (Am. Journ. Sci., I, xvi, 293). 

Since obtaining the above results, I have procured a number 
of pieces of the rock containing the small crystals, and separated 
sufficient for analyses in a nearly pure state; although, from 
the fact that almost microscopic crystals penetrate the crystals 
of warwickite, it is impossible to separate the last traces of 
spinel. When the mineral is powdered in the mortar the 
small particles of spinel will be felt, and with a magnifying 
glass can be discovered. Notwithstanding these difficulties, I 
am satisfied that I have made out its composition. Its physical 
characters have been pretty well described in works on Miner- 
alogy. Its specific gravity as made out by me is 3°362; by 
Brush, 3°351 small crystals, 3°423 large crystals; and by 
Damour, 3°355. The luster of the cleavage surface is very 
bright and characteristic, being of a dark hair-brown or chocolate 
color. It is very readily cleaved in the direction of the prism. 

The results of’ my analysis are as follows: 


Oxygen. Ratio. 
27°80 19°06 9 
Titanic 23°82 10°37 5 
36°80 14°46 6 
1 


Oxide of 7°02 2°10 
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The silica and alumina were impurities, the alumina arising 
from spinel that it had been impossible to separate, and which 
was combined with a little of the magnesia; and these have 
been deducted in making out the oxygen ratio. Moreover, the 
titanic acid obtained in the analysis retained a minute quantity 
of oxide of iron. After a most careful study of the compo- 
sition as made out by the above analysis, confirmed by sev- 
eral other partial analyses, I feel warranted in giving the follow- 
ing as the true composition of warwickite : 


Per cent. 
36 = 105 30°57 
= 81: 23°58 
6Mg = 121-44 35°36 
1Fe = 36° 10°49 


343°44 100°00 

The exact formula by which to express this mineral is not 
easily given, as we know nothing of compounds containing bora- 
cic and titanic acid associated together; the expression I am 
disposed to adopt is + 

I would remark that at the same locality from which the 
warwickite comes, there occurs a titaniferous spinel contain- 
ing about 15 per cent of magnesia, as analyzed by Rammelsberg, 
and would have for its formula 

MegTi + 

Warwickite is the only borotitanate thus far made known. 

I am indebted to M. Des Cloiseaux for the following crystal- 
lographic account of warwickite. The prisms never are well 
terminated: they are either orthorhombic or clinorhombic. 
The forms that Des Cloiseaux has observed are h'm g?g' and 
h*h?m g2g'. The angles measured by him are: h'h?=162° 5’; 
h'm=1385° 40’; h'g? (over m) =109°, h'g'=90° 20’-90°30’, 
mg ' =134°20'-184° 35’, (adjacent)=161° 20’-161° 25’, g'h? 
(over m)=108° 40’. From these, M. Des Cloiseaux calculates 
mm=91° 20’ and 88° 40’, h'h?=161° 58’, h'm=185° 40’, h'g? 
=108° 30’, h'g'=90°, mg'= 184° 80’, g’g'=161° 10’, g'h?= 108° 2’. 


ArT. XXXIX.—Curious association of Garnet, Idocrase and 
Datolite ; by J. LAWRENCE SmiTH, Louisville, Ky. 


SPECIMENS of a rock were sent to me some time since from 
Santa Clara in California, which were found to be composed of 
four minerals associated together, viz: calcite, which represented 
the rock of the country from whence it came, and datolite, 

,garnet and idocrase. The datolite is colorless and crystalline, 
without, however, presenting any crystals; sp. grav. 2°988. It 
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is perfectly pure, as shown by the following analysis of a por- 
tion from which the calcite was carefully separated : 


99°12 


The association of this mineral with garnet and idocrase is, I 
believe, now mentioned for the first time. 

The garnet is the variety cinnamon stone; the crystals are 
very large and perfect dodecahedrons, some of them being 
three or four centimeters across. They have a greenish color 
over the exterior, and are cinnamon-colored within or through 
the mass of the crystals; sp. grav. 3°59. An analysis of the 
mineral furnished the following results : 


17°76 
of em 5°06 
Oxide of manganese. ‘20 

100°17 


The zdocrase occurs in compact fibrous crystals of a green color, 
the crystals themselves not being sufficiently distinct to exhibit 
the true crystalline form. What is most singular, the idocrase 
penetrates and permeates the crystals of garnet, losing itself 
as it were in the garnet ; passing off by such insensible shades, 
that it is impossible to say where the idocrase terminates and 
the garnet begins. A large crystal of garnet, when cut in two 
and polished, shows the idocrase penetrating it, like so many 
green streamlets through the interior. Its specific gravity is 
3445. A portion carefully separated from the garnet gave the 
following results : 


36°56 
5°93 
Oxide of manganese......-------.-..-- 18 
35°94 
1:07 
51 

99°23 


I know of no locality where the above minerals are associated 
in the manner described. The fact respecting the garnet and 


f 
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idocrase is especially interesting; for while we find these 
minerals frequently associated, we have nowhere else found 
the crystals of the two penetrating and interlacing each other, 
so as to form between them a uniform mass, yet each mineral 
retaining its identity. 

It can be readily understood how two such minerals as lime, 
garnet and idocrase may occur in the manner just mentioned, 
when we consider the formule of the two: 

Garnet, 
Idocrase, (2R3+-2#)? SiS. 


Art. XL.—On a new method of investigating the Composite 
Nature of the Electric Discharge ; by ALFRED M MAYER. 


In 1842, Professor Joseph Henry* observed that when a nee- 
dle was placed in a helix and magnetized by the discharge of a 
Leyden jar, the direction of the polarity of the needle varied 
with the “striking distance” of the jar: and these observa- 
tions led Henry to the discov ery that the discharge was mul- 
tiple, and oscillatory in its nature. In 1862 Feddersent con- 
firmed Henry’s discovery, on examining the nature of the 
discharge by means of a revolving mirror. Subsequently 
Rood (in a series of classical researches, published in this 
Journal in 1869-71-72) studied the multiple character of the 
discharge of the inductorium by means of rotating discs perfor- 
ated with narrow radial slits. In 1873 Cazin¢ also investigated 
the discharge with the rotating disc. The method I have de- 
vised leads us directly, by the simplest means, to phenomena 
which cannot be revealed by either revolving mirror or rotating 
disc. The first method that occurred to me was to attach a 
delicate metallic point to a vibrating tuning-fork, and to send 
the discharge from this point, through lamp- -blackened paper, to 
a revolving “metallic cylinder, on which the paper was stretched. 
We can to some extent analyze the electric discharge, in these 
conditions, from the series of perforations left in the paper 
in the trail of the vibrating fork. This method, though beauti- 
ful as an illustration, is useless as a means of investigation ; 
for the metal cylinder, the paper and the fork form a species of 
Leyden jar, which is always in the circuit of the particular 
discharge whose nature you would investigate. The above 
method, though original with me, cannot be claimed as my 

* Proc. Amer. Phil. Soc. 


+ Ueber die electrische Flaschenentladung, Pogg. Ann., vol. cxvi, p. 132. 
t Journal de Physique, vol. ii, p. 252. 
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own, having recently found that it was devised by Donders,* 
and has been used in an investigation by Nyland.t+ To get rid 
of inductive action in the registering apparatus, I devised the 
following method: A cylinder is covered with thin printing- 
paper, and the latter is well blackened by rotating the cylinder 
over burning camphor. The paper is then removed from the 
cylinder, and cut into discs of about 15 cm. in diameter. 
When one of these dises is revolved about 20 times per second, 
it is rendered very flat by centrifugal action. It can then be 
brought between points or balls, even when the latter are sepa- 
rated by no more than mm. When in this position, the dis. 
charge between the points or balls perforates the disc and leaves 
a permanent record of its character, of the duration of the 
whole discharge, and of the intervals separating its constituent 
flashes and sparks. To obtain the time of rotation of the disc 
I use the method invented by Young in 1807 (see his Natural 
Philosophy, vol. i, p. 191). That is, I present momentarily to 
the rotating dise a delicate point which is attached to a vibrat- 
ing tuning-fork. The number of vibrations per second of this 
fork has been determined to the last degree of precision by 
means of a break-circuit clock, which sends at each second a 
spark from an inductorium through the fork’s sinuous trace on 
blackened paper, covering a revolving cylinder. The axis of 
the sinuous line on the disc is traced with a needle point, and 
then, on drawing radii through symmetrical intersections of this 
axis on the sinuous line, we divide the disc off into known frac- 
tions of time. The disc is now removed from the rotating 
apparatus and the carbon is fixed by floating the dise for a 
moment on thin spirit-varnish. When the disc is dry and flat, 
it is centered on a divided circle, provided with a low power 
reading-microscope, and the deviation of the whole discharge 
and the intervals separating its components can be determined 
to the =54;,5 of a second. 

Many results have been obtained with this apparatus. I de- 
fer their publication until I have carefully examined them, and 
have extended this research with the study, not only of the dis- 
charge of the inductorium, but also of the frictional machine, of 
the Leyden jar and of the Holtz machine, under every con- 
dition of charged surface and of striking distance, and when the 
current is flowing freely over a conductor and when it is doing 
work. I here present, merely as examples of the value of the 
method, the results I have obtained in three conditions of ex- 
periment. 

* Onderzoekingen gedaan in het Physiologisch Laboratorium der Utrechtsche 
Hoogeschool, 1868-69. 

+ Archives Néerlandaises des Sciences exactes et naturelles, t. v, p. 292. 
Am. Jour. Sct.—THirD Vou. VIII, No. 48.—DEc., 1874. 
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1. Discharge of large inductorium* between platinum points one 
mm. apart. No jar in the circuat 

The platinum electrodes were neatly rounded and formed on 
wire ;°,; mm. in diameter. After the discharge through the rotat- 
ing disc, nothing was visible on it, except a short curve formed of 
minute, thickly-set white dots; but, on holding the dise be- 
tween the eye and the light, it was found to be perforated with 
38 clean round holes, with the carbon undisturbed around their 
edges. The portion of the discharge which makes these holes 
lasts ;!; second, and the holes are separated by intervals which 
gradually decrease in size toward the end of the discharge, so 
that the last spark-holes are separated about one-half of the dis- 
tance which separates the holes made at the beginning of the 
discharge. The average interval between the spark-holes is 745 
second. After this portion of the discharge has passed there 
is a period of quiescence lasting about ;;'5, second; then 
follows a shower of minute sparks, which forms the short 
dotted line above spoken of. ‘This spark-shower lasts 53, of 
a second, and is formed of 80 sparks; hence the average interval 
separating these sparks is y5'55 second. The intervals sep- 
arating these sparks are, however, not uniform, but are smaller 
in the middle of the spark-shower than at the beginning and at 
the end of this phenomenon. The spark-shower, indeed, is a 
miniature of the phenomenon obtained when a Leyden jar is 
placed in the circuit of the coil, and which is described below. 
The above numbers were determined as the average measures 
on six dises. It is here to be remarked that all of the dis- 
charges studied in this paper were made by suddenly depress- 
ing the platinum faced “ break” of the primary circuit, and the 
break was held in this position until the disc had been removed 
from between the points or balls. 

2. Discharge of large inductorium between platinum points one 
mm. apart, with a Leyden jar of 242 sq. cm. connected with the 
terminals of the secondary coil. 

After this discharge through the disc a very remarkable 
appearance is presented, the full description of which I reserve 
for a more extended paper. The discharge in its path around 
the disc dissipates little circles of carbon. There are 91 of 
these circles, each perforated by 4,8, 2ori holes. I shall here 
have to adopt a new nomenclature for the description of this 
complex phenomenon. I call the whole act of discharge of the 
coil, the discharge. Those separate actions which form the little 
circles by the dissipation of the carbon I denominate flashes, and 
the perforations in these circles I call sparks. The discharge 
in the above experiment lasts ;'; of a second. The flashes at 
the beginning of the discharge are separated by intervals aver- 


* The striking distance of this coil between brass points was 45 cm. 
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aging ;1, second up to about the 10th flash ; after this the in- 
tervals of the flashes rapidly close up, so that during the fourth 
fifth of the discharge they follow at each ;;';3 of a second. 
During the last fifth of the discharge the intervals between the 
flashes gradually increase, and the last flash is separated from 
its predecessor by ;,'sz Of a second. 

3. Discharge of large inductorium between brass balls, one em. in 
diameter, separated one mm., with a Leyden jar of 242 sq. em. 
inner coating, connected with the terminals of the secondary coil. 

This discharge also lasts ;'; second, and is similar to the pre- 
ceding, except that larger circles are made on the disc by the 
dissipation of the carbon, and that there are fewer flashes, viz., 
71. The total number of spark-holes in these flashes is 123. 
Thus, there are fewer flashes than in the experiments with the 
platinum points, but the total nuinber of spark-holes is the 
same in each case. Hence there is, on an average, 1°34 spark to 
each flash with the points, and 1°73 spark-holes to each flash 
with the balls. 

Experiments have also been made with rotating discs formed 
of “sensitized” paper, and interesting results have been ob- 
tained. 

October 15, 1874. 


Art. XLI.— On the Periodicity of the Rainfall in the United 
States in relation to the Periodicity of the Solar Spots; by Pro- 
fessor JOHN BROCKLESBY, of Trinity College, Hartford, Ct. 


THE researches of scientists, especially of late, lead to the 
conclusion that there is an intimate connection, more or less 
marked, between the solar disturbances and various terrestrial 
phenomena. Thus, upon comparing the mean daily range of 
the magnetic declination, and also the number of auroras ob- 
served each year, with the extent of the spots on the solar disk, 
a striking correspondence is observed in the curves which 
respectively represent these phenomena. A periodicity in the 
cyclones of the Indian Ocean and West Indies corresponding 
with that of the sun-spot area is asserted by Mr. J. N. Lockyer 
to have been established by Mr. C. Meldrum, Director of the 
Meteorological Observatory at Mauritius, and it is claimed by 
Mr. Meldrum and others that the variation in the annual rain- 
fall conforms also to the sun-spot cycle of about eleven years. 
Various investigations likewise point to the inference that 
changes in the annual temperature of the atmosphere occur in 
cycles of ten or eleven years, coincident with those of the solar 
commotions. 


2 
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It is proposed in this paper to discuss the alleged connection 
between the variations in the annual rainfall and the variations 
in the extent of the solar spots, as regards this continent, so 
far as we have data for the same. 

At the meeting of the British Association last year, Mr. 
Meldrum, in a paper on the ‘Periodicity of Cyclones and 
Rainfall in connection with the Sun-spot Periodicity,” remarked 
as follows: “ With the help of the researches of Mr. Lockyer, 
Mr. Symons and Dr. Jelinek of Vienna, I have now examined 
ninety-three tab:es of rainfall for various parts of the world, 
and I find that, scarcely without exception, more rain falls in 
maxima than in minima sun-spot years. So far as observations 
go, Europe, Africa, America, and Australia give very favorable 
results. Asia is represented, however, only by three stations, 
and France, which affords as yet only five stations, is the only 
European country which presents results opposed to the 
theory.” 

From the comparatively small number of the tables of rain- 
fall which Mr. Meldrum gives, and from his silence upon the 
subject, we may, I think, safely conclude that he did not con- 
sult Mr. Charles A. Schott’s elaborate article on the “ Rainfall 
in the United States,” published by the Smithsonian Institu- 
tion, a work which embraces abstracts of records of aqueous 

recipitation from about twenty-two hundred stations. The 
investigations, therefore, of Mr. Meldrum, so far as this country 
is concerned, may be regarded as incomplete. 

As the following discussion is based upon Mr. Schott’s tables, 
it may not be amiss to state briefly in what manner they have 
been so constructed and arranged that the variations in the 
annual rainfall throughout the United States admit of ready 
comparison with the changes in the extent of the solar spots. 

From the whole number of stations whose mean annual rain- 
falls are respectively recorded, Mr. Schott selects one hundred 
and seven, which, on account of their extent of record, involve 
the smallest probable errors in their average rainfalls; and he 
then ascertains the ratio of each annual rainfall to the average 
yearly rainfall for every one of these stations. The period of 
record of these stations extends, with greater or less intervals, 
from 1799 to 1867. 

To free these ratios from accidental irregularities and to ex- 
hibit the nature of the fluctuations from year to year more dis- 
tinctly, the author unites them in groups, formed of stations 
where the annual rainfall appears subject to the same laws. 
Group I is composed of stations on the Atlantic sea board, ex- 
tending from Maine to Virginia. Group II comprises the 
State of New York, and adjacent parts of Canada, New Hamp- 
shire, Massachusetts and Vermont; group III includes parts 
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of Iowa, Minnesota, Illinois and Wisconsin; group IV em- 
braces the Ohio Valley, Ohio, Illinois, Indiana, Kentucky and 
part of Missouri; group V is formed ‘of the Indian I erritory 
and Arkansas; group VI comprises Louisiana, Alabama and 
West Florida; group VII comprehends the sea-coast from Vir- 
ginia to Florida, and group VIII includes the sea-coast of Cali- 
fornia. 

In these groups the percentage of the mean amount of rain- 
fall is tabulated for each year of observation, the longest period 
of record extending from 1804 to 1867. 

From the data thus afforded curves are constructed which 
present to the eye the annual fluctuations of the rainfall over 
the vast region embraced by these groups. Mr. Schott speaks 
briefly of the connection between the solar disturbances and 
the rainfall, stating that the rain curve for 1837-8 shows a de- 
cided minimum in precipitation, when there was a marked 
maximum of solar activity; but that the two phenomena lead 
to an opposite conclusion about the epoch of 1855-6; a mini- 
mum of rainfall then occurring with a minimum extent of sun- 
spot area. He does not enter into any detailed investigation of 
this supposed connection. 

Under these circumstances, it appears, therefore, desirable, in 
order to detect what connection, if any, exists between the flue- 
tuations of the annual rainfall and the variations in the extent 
of the solar spots, that these phenomena should be compared 
either year by year, or by groups of years; and this it is now 
proposed to do. 

Taking Dr. Wolf's table of the relative extent of sun-spots 
for each year, within the period from 1804 to 1867 inclusive, 
in which period the yearly percentage of the average rainfall is 
also given in Mr. Schott’s table of territorial groups, two 
methods of comparison can be employed if we wish to ascer- 
tain whether an annual excess of sun-spot area is attended by 
an excess of annual rainfall, and vice versa. The first mode is 
to take the average of the numbers representing the relative 
extent of the spots for the period mentioned, viz: from 1804 
to 1867, then to note the years in the period that are above or 
below the average; and next to place the percentage of the 
mean annual rainfall opposite each year. We can thus detect 
whether an excess of sun-spot area in any year is marked by an 
excess of rain and deficiency of the former by a deficiency of 
the latter, or whether no such law exists. The second method 
is that adopted by Mr. Meldrum, who makes the comparison 
by forming quinquennial sets, taking two years on each side 
of the maximum year for a maximum set, and two on 
each side of the minimum year for a minimum set ; or where 
this is aot possible, a triennial group is formed. 
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Proceeding by the first method, it is found that the average 
sun-spot area for the period extending from 1804 to 1867 inclu- 
sive is denoted by the number 88. Taking now each year of 
this period, the year is printed in heavy or light type, accord- 
ing as the number representing its sun-spot area is greater or 
less than 38; heavy type indicating an excess and light type a 
deficiency. Each year is then also marked plus or minus from 
Mr. Schott’s table of territorial groups, according as its rain- 
fall is above or below the mean. 

This being done, we have the following results. In group I, 
comprising the seaboard from Maine to Virginia, there are 
twenty-nine years in which the sun-spot area is above the aver- 
age. In seventeen of these the rainfall is in excess, in ten 
below the average, and in two equal to it. In this group there 
are also thirty-five years when the sun-spot area is below the 
average. Out of these there are sixteen years when the rain- 
fall is in excess and nineteen years when it is below the mean. 

In group II, comprising the State of New York and adjacent 
parts of Canada, New Hampshire, Massachusetts and Ver- 
mont, there are twenty-five maxima sun-spot years. In fifteen 
of these the annual rainfall is in excess, in nine below the 
mean, and in one equal to it. There are also in this group sev- 
enteen minima sun-spot years, and in these the rainfall is in 
excess seven times, below the mean eight times, and equal to it 
twice. 

In group IV, a region embracing the Ohio Valley, Ohio, Indi- 
ana, Illinois, Kentucky, and part of Missouri, there are twenty- 
five years of excess of sun-spot area, and in thirteen of these 
the rainfall is in excess of the mean, in twelve below it, and in 
one equal to it. There are also in this group twenty-five years 
when the extent of sun-spots is below the average, and in nine 
of these the rainfall is above the mean, in fourteen below the 
mean, and in two equal to it. 

The tables of precipitation belonging to these three groups 
are regarded by Mr. Schott as tolerably trustworthy, and the 
results of the comparison show a tendency on the whole 
toward an excess of rain when there is an excess of sun-spot 
area, and vice versa. Yet we meet here with marked anoma- 
lies; for in the period from 1818 to 1826 inclusive, which are 
years of deficiency in solar activity, six annual rainfalls out of 
the nine are above the mean; and from 1835 to 1840 inclusive, 
which are years of excess in the sun-spot area, all the annual 
rainfalls in the three groups are below the average, except in 
one instance. Moreover, as we see by the table, years of excess 
and deficiency of rainfall are found as well in the periods when 
the sun-spot area is above the mean as in those where it is 
below it. 
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Passing now to the other territorial groups, the results from 
which are to be regarded as only rough approximations toward 
the truth on account of the insufficiency of the stations, we 
obtain the following results from all these taken together. In 
the years when the extent of the spots is in excess, the annual 
rainfall is above the mean thirty-five times, below it thirty- 
seven times, and equal to it five times. In the years when the 
sun-spot area is below the mean the rainfall is below the aver- 
age thirty-two times, above it twenty times, and equal to it six 
times. 

Taking now all the groups which embrace so large a portion 
of the United States, we obtain the following results in refer- 
ence to the subject before us: 


Ratio of the excess of 
Sun-spot area, rainfall (above the 
mean) in deficiency. 
From 1804 to 1805 (inclusive),*| above the mean, 2 
1806 to 1815 below 6:4 
“ 1816 to 1817 above “ 0:2 
to 1826 below “ 6:12 
1827 to 18381 above 2:4 
“ 1882 to 1834 below “ & 52% 
“ 18385 to 1840 above “ <6 6; 29 
1841 to 1845 below “ 12:19 
1846 to 1852 above “ « 31:18 
1858 to 1857 below 8: 28 
1858 to 1864 above 31:15 
1865 to 1867 below “ 15:38 


For the reasons already stated, namely, that groups I, II and 
IV. are only to be regarded as trustworthy, and that the rest 
give but rough approximations, the above results must be 
taken with great allowance. As they stand they are full of 
anomalies, about half the results favoring and the rest contra- 
dicting the law which is supposed to exist between the rainfall 
and the extent of the sun-spot area. 

The results obtained by this first method of comparison are 
exhibited in the annexed table. (Table I.) 

The second mode of investigating any relation which may 
exist between the annual fluctuations in the extent of the solar 
spots and the variations in the yearly rainfall, consists in form- 
ing groups of years, by taking one or two years on each side of 
the maximum and minimum year of any sun-spot period. As 
the mean secular period of the spots is about eleven years, 
quinquennial groups can generally be formed of maximum and 
minimum years of sun-spot area. When the period is short, 
triennial groups can be taken. This is the method adopted by 
Mr. Meldrum and other distinguished meteorologists. 


* In 1804 the rainfall equals the mean also. 
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1804 Max. 
1805 

1806 

1807 

1808 

1809 


1810 Min. 
1811 


1812 
1813 

1814 

1815 
1816 Max. 
1817 
1818 

1819 

1820 

1821 

1822 

1823 Min. 
1824 

1825 
1826 
1827 
1828 
1829 
1830 Max. 
1831 
1832 
1833 Min. 
1834 
1835 
1836 
1837 Max. 
1838 
1839 
1840 
1841 

1842 

1843 Min. 
1844 
1845 
1846 
1847 
1848 Max. 
1849 
1850 


TABLE I. 
| 
| 
Group. | I. | IL | VI. + | — | 
| —]--| +] +5 —7 
| | | | 
| ie ie | 
| | - -- - --- 
| | — | 
= 
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° so | | 

#22 (22 | bs | | 
S83 | | <3 | | 
© | 22/8" 8 

Group. | | IL /UL/IV.! Vv. | VL (VIL Vill. | + | ‘Total +] Total — 
1851 + | +] 5/3] -. 
1852 | + + +] 813) +8 —18 
1857 + +8 | —28 
1858 + -- 
1862 | + + + 4/3] | --- 
1864 | + + + -|/—|4/2 +31 | —15 
1866 + | +] 4 -|+/6/0 
1867 Minn | + | + | —s 


Proceeding in this manner, maxima and minima sun-spot 
sets of years are formed from 1808 to 1862 inclusive. Then 
the sum of the excess or deficiency of the rainfall in respect to 
its mean, is found for each set of years for the regions com- 
prised in the I, II and IV territorial groups of Mr. Schott’s 
tables. The results obtained are shown in the following table. 
(Table IT.) 

In this table we have five maxima sets of years and five 
minima, as respects the extent of the sun-spots. In the first 
territorial group, comprising the sea coast from Maine to Vir- 
ginia, the results in the maxima years conform to the sup- 
posed law three times and twice are unconformable. In the 
minima years they are four times conformable and once un- 
conformable. 

In the second territorial group, embracing New York State 
and the adjacent parts of Canada, Massachusetts and New 
Hampshire, the results in the maxima years agree with the 
law twice and disagree twice, and in the minima years they 
accord with the law twice and are opposed to it once. The 
observations in this group extend over only four maxima 
and three minima sets of years. 

In the fourth territorial group, comprising the Ohio Valley, 
Ohio, Indiana, Illinois, Kentucky, and part of Missouri, the 
observations extend over four maxima and four minima sets 
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of years. The results in the maxima sets conform to the law 
twice and twice are unconformable, while in the minima sets 
of years they are in accordance with it three times and are 
unfavorable once. 


TABLE II. 


Sum of the excess or deficiency of the annual rainfalls of the groups as compared with 
the mean annual rainfall and expressed in the percentage of the latter. 
Quinquennial and 


I. II. | IV. 
Triennial groups of 
minimum and Trax. State of New York Ohio V alley, Ohio, TOTAL. 
imum years of sun- Sea coast of Maine and adjacent parts Ind td _ . 
spot area. to Virginia. of Canada, N.H., a part rs) 
Mass. and Vt. | Missouri. 


1808 
1809 
1810 minimum }| 
181] 
1812 

1814 

1815 

1816 maximum 
1817 

1818 

1821 

1822 

1823 minimum 
1824 

1825 

1829 

1830 maximum 
1831 

1832 

1833 minimum 
1834 

1835 

1836 

1837 maximum 
1838 

1839 

1841 

1842 

1843 minimum 
1844 

1845 

1846 

1847 

1848 maximum 
1849 

1850 

1855 
1856 minimum —*02 +°02 | —'14 
1857 
1858 

1859 

1860 maximum +°41 +°27 +°21 
1861 

1862 i 


---- | 
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If we now take the sum of the results, embracing all the 
three territorial groups, it is seen that in the five maxima sets 
of years there is an excess of rainfall three times and a defi- 
ciency twice, and that in the five minima sets of years there 
is a deficiency five times, the result being in entire conformity 
to the supposed law. 

Yet amid these results striking anomalies are found, for in 
the maximum set of years extending from 1814 to 1818, there 
is a deficiency of 31 per cent of the mean; and from 1835 to 
1839, which are maxima years, the three territorial groups all 
present results below the mean, the first giving —-03, the second, 
— and the last —-55. 

In view of the results obtained from these two modes of in- 
vestigation, I think we may venture to infer, that so far as trust- 
worthy observations have been made throughout the United 
States, they point to a connection existing between the variations 
in the sun-spot area and those of the annual rainfall, the rain- 
fall tending to rise above the mean when the sun-spot area is in 
excess, and to fall below when there is a deficiency of solar 
activity. 


Art. XLIL—On Serpentine Pseudomorphs, and other kinds, 
Jrom the Tilly Foster Iron Mine, Putuam Co., New York ; by 
JAMES D. Dana. With plates VI and VIL 


[Continued from page 381.] 


5. Pseudomorphs after Chondrodite. 


THERE is little of the massive chondrodite of the ore-bed 
that is not penetrated throughout with serpentine; and much of 
it is so thoroughly so that it would be difficult to separate pure 
grains for an analysis, while some of it is wholly serpentine. 
The chondroditic rock, even that in the mine before its removal, 
is often so fragile, from the alteration which it has undergone, 
that it falls to pieces easily when struck with a hammer. 

In the change to serpentine the honey-yellow chondrodite 
becomes pale yellow, then grayish yellow and grayish green, 
and finally pale bluish green to whitish; while the garnet-red 
variety, which contains more iron, becomes first reddish brown, 
some unaltered chondrodite grains being still present, and 
finally smoky blue to dark green. Much of the imbedded 
bluish serpentine derived from the alteration of chondrodite 
has some of the unaltered chondrodite stiil remaining about 
the exterior of the mass, while other portions or imbedded 
masses in the same rock are wholly serpentine. 
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Among the specimens, one kind is a dark olive-green ser- 
pentine marked with pale bluish green spots a sixth to a fourth 
of an inch across. The spots have a darker green center, and 
hence look a little like concretions ; but some of them toward 
one side of the specimen are partly unaltered chondrodite, 
and thas prove that all are derived from the alteration of this 
mineral. The chondrodite was disseminated through another 
mineral which is now the dark green serpentine; and this 
other mineral may have been granular chlorite. The speci- 
mens consist in part of dolomite, and this dolomite is also 
spotted with the pale serpentine, just as dolomite often is with 
unaltered chondrodite. 

Other specimens are a massive granular dolomite sprinkled 
with large grains of serpentine, but with some of the grains 
on one side still chondrodite, either wholly or in part, and, 
also, with some of the serpentine grains having the crystalline 
form of the chondrodite, leaving no doubt as to their pseudo- 
morphous character. The specimens are very similar to others 
from Amity, Orange Co., New York, in the cabinet of Profes- 
sor Brush. 

No mineral in the region is so generally altered as the chon- 
drodite. Its crystals have withstood the change better than 
the massive kinds because of their hard nature and polished 
surfaces ; but these, wherever reached by the serpentine, are 
often penetrated by it, besides being enfeebled in lustre. A 
covering of chlorite has been no protection, as this was almost 
as easy “of change as the chondrodite: and only the crystals 
under crystallized dolomite or brucite retain their brilliancy. 


6. Pseudomorphs after Enstatite. 


The large fibrous masses of enstatite often have the exterior, 
or else one end, changed to a dark green serpentine; and from 
the serpentine end there is a gradual transition to the unaltered 
enstatite. Besides these cases of incomplete alteration, other 
specimens are serpentine throughout. In one of the specimens, 
the ends of the crystals, consisting of dark green serpentine, 
project from:a lamellar pale green ser pentine ; and the latter is 
also penetrated by the dark green variety in columnar forms. 
The cleavable massive enstutite has undergone the same change 
as the fibrous. The green color of the serpentine from both is 
dark, owing to the amount of iron present; and, when the 
change is most complete, no trace of the original cleavable or 
fibrous structure is left. 


7. Pseudomorphs after Hornblende. 


The coarsely crystalline massive hornblende, of greenish- 
black color, occurs altered to serpentine; part still showing its 
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original crystalline composition, and having the external char- 
acters of schiller spar, and other portions, where the change 
is more complete, being devoid of all structure, and true 
serpentine. 

The serpentine of these pseudomorphs has the same dark 
green color as that from the enstatite, and thus differs widely 
from that derived from the alteration of ripidolite. 


8. Pseudomorphs after Biotite. 


The large grayish-black or brownish-black masses of biotite, 
the plates of which are 3 or 4 inches across, are sometimes 
changed to a dark green serpentine. The transition from the 
unaltered part of a plate to the altered sometimes takes place 
through the intermediate stage of a chlorite—the folia becoming 
green and inelastic; then, beyond this, they are purely ser- 
pentine, and lose finally all traces of the micaceous structure. 
As the mineral resembles the chlorite in having cleavage joints, 
though less open, the change has often been limited by divi- 
sional plates; and the altered end of a group of plates looks 
sometimes like a mere juxtaposed mass of serpentine. But the 
structure and surface lining of the biotite may in some parts 
be traced into the serpentine. 


9. Pseudomorphs after Dolomite. 


The dolomite of the ore bed is in some parts changed to ser- 
peutine of an apple-green color. The specimens of dolomite 
mae: ee with dark-colored spots of serpentine derived from 
chondrodite contain some apple-green serpentine derived from 
dolomite—the passage of the dolomite grains into the serpen- 
tine being distinct. In other cases imbedded masses of dolo- 
mite have the exterior for a fourth or a half of an inch changed 
to apple-green serpentine, while the interior is unchanged ; the 
cleavage planes of the latter may sometimes be traced a little 
ways into the former, but for the most part the serpentine has 
the ordinary massive or structureless character. Such serpen- 
tine effervesces for a while in dilute hydrochloric acid, owing 
to a portion of dolomite still present. 


10. Pseudomorphs after Brucite. 


One of the imbedded masses of dolomite having an exterior 
of apple-green serpentine—-about two by three inches in its 
dimensions—contains fibrous brucite distributed through a 
portion of it, and wholly replacing some of it—as more particu- 
larly described beyond (p. 453)—and this brucite has partici- 

ated in the change to serpentine undergone by the dolomite. 
he fibrous structure of the brucite may here and there be 
traced into the serpentine. 
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11. Rectangular tables or plates after an unknown mineral. 


(1.) General structure.—Figure 8, on plate VII, represents, en- 
larged ten diameters, a small portion (four-tenths of an inch 
broad) of a pseudomorphous mass of serpentine which is two to 
three inches thick. Thin green plates are distributed through 
a grayish white or whitish base. ‘Transverse sections of the 
thin plates are shown in this figure; their thickness is mostly 
between a hundredth and a sixth of an inch. The outlines of 
the sections are generally very exactly rectangular; but some 
of them have various oblique angles, as shown in figs. 118, c, 
d, e, and occasionally they are six-sided (fig. 1la)—forms which 
oblique sections of rectangular tables would have. 

The thin plates are really portions of crystals dissected out 
or developed in consequence of the existence of cleavage-joints 
in the original mineral, in the same manner as has been exem- 

lified in ripidolite (p. 881), and in the cubic pseudomorphs 
p. 875). For a group of such plates is sometimes united at 
one end, or elsewhere, into a single thick plate, as illustrated in 
different parts of figure 8. They are those plates or blocks of 
a crystal in which the alteration has not gone so far as to 
obliterate all the color of the original mineral, while the white 
layers between, consisting of whitish serpentine, are the blocks 
or portions in which the change was carried to the removal of 
all coloring matter. Even these green plates show through 
their interior that they are partly changed to the white serpen- 
tine; for, as figure 8 shows, the sections are spotted irregularly 
with white or greenish white, and sometimes have an even line 
of white serpentine along the middle, indicating a partial sub- 
division of the plate. 

In the specimens there are a few examples of a projecting 
solid angle, or solid edge, of a tabular crystal; and one of these 
is represenied enlarged ten times (like fig. 8) in fig. 9 The 
edges are rectangular. The upper surface, or that parallel to 
the planes of perfect cleavage, is a little paler in color than the 
others. Moreover, the surface while smooth and even, is faintly 
striated in one direction; and the lateral plane toward which 
these strize point is horizontally striated. In the lateral sur- 
faces of the same tabular crystal there are white lines or 
rectangular patches, which are the edges of some of the white 
serpentine plates in the interior. At the bottom, and also at 
the top to the right, there are alternations of green and white 
layers, which correspond to the green and white plates of fig. 8. 

The planes in the pseudomorphous mass are often parallel or 
nearly so through a thickness of a third of an inch, and rarely 
a half; but generally they are placed at all angles toward one 
another, and some are bent or contorted. Small portions are 
massive serpentine. 


from the Tilly Foster Iron Mine. 451 


The condition of another portion of one of the specimens is 
shown in fig. 10; it represents a polished surface, four-tenths 
of an inch wide, enlarged about ten times. (T'o avoid errone- 
ous deductions from the figures, the amount of enlargement 
should be kept in mind.) The rectangular forms are here 
shown and also various grades in the pseudomorphous change, 
from that of dark green serpentine to grayish green, bluish 
white, and white. 

(2.) Clouded band encircling the plates.— About the green 
plates, and nearly parallel to their surfaces, the whitish serpen- 
tine is often marked with a clouded band, which deepens in 
color away from the plate, as illustrated toward the left and 
right sides of fig. 8 and also in fig. 10. The color of these 
bands is sometimes as dark as that of the green plates; but it 
is generally paler; and sometimes of a faint bluish shade, as 
shown in the whitish areas of fig. 10. A portion of one of the 
dissected plates with its encircling clouded band of green is 
shown, enlarged 10 times, in fig. 12; the color in this case was 
dark green, as represented. 

(3.) Air-cells—Another remarkable feature of these pseudo- 
morphs is the existence of air-cells in great numbers in the 
whitish serpentine, alongside of many of the plates. They 
are sometimes directly in contact with the green plates, and 
then may be seen through them when a flat surface is exposed, 
as in one of the upper plates of fig. 9. Fig. 13 represents 
such a surface uncovered, magnified 10 times. They are often 
in considerable numbers along the outer edge of the clouded 
band just described. In fig. 12, the outside dots are the posi- 
tions of these microscopic air-cells. The margin of the clouded 
band in the right half of fig 8 has numerous air-cells in the 
specimen. Owing to the great numbers of these minute air- 
cells, the pseudomorphous mass is light, about a twelfth of the 
mass being air. According to trials made for me by Mr. George 
W. Hawes, assistant in the Mineralogical Department of the 
Sheffield Scientific School of Yale College, the specific gravit 
before the included air is expelled is 2°30, and, after its <a 
sion by simple boiling in water, 2°48. 

(4.) Composition.—The pseudomorphous mass is serpentine, 
both the green portions and the white, as shown through an 
analysis by Mr. Hawes, who has given me the following state- 
ment of his results. 


“The analysis, made on an equal mixture of the green and 


white, afforded — SiO 41°80 
Al,O, 0°95 
FeO 4°65 
MgO 38°55 
HO 13°95 


99°90 
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The oxygen ratio for R, Si, H, is 3: 4: 2:3. The materials of both 
the green and white portions is, therefore, serpentine. The dif- 
ference in color is occasioned by the presence of iron in greater 
quantity in the green, as is shown by igniting fragments, when the 
green turns black and the white is unaltered; the green gives a 
deep iron color to the borax bead and the white only a faint iron 
reaction. The solution of the different minerals points to the 
same difference.” 


(5.) Conclusions.—The following conclusions flow from the 
facts that have been stated. 

1. The original mineral was crystallized in tabular rectangu- 
lar forms, and, as the strize and angles show, was orthorhombic. 

2. The tabular crystals were half an inch and less in thick- 
ness, and probably were imbedded in an uncrystallized mass of 
the same composition. 

8. Cleavage was very easy parallel to one of the planes, the 
basal plane of fig. 9, and much less so parallel to one or both of 
the others; and as the subdivision into blocks or plates by 
pseudomorphism shows, there were many cleavage-joints. 

4, The color was dark green or greenish black; but perhaps 
paler on the basal plane. 

5. The crystals had considerable luster, some still remaining 
on the striated surface of the green plates. 

6. The specific gravity was low. 

7. The mineral contained some protoxide of iron; the 
clouded bands that border or encircle some of the plates have 
been produced through the escape of coloring matter from the 
green plates while the alteration was in progress; and this 
coloring matter contained iron. Moreover, the various serpen- 
tine pseudomorphs of the Tilly Foster Iron Mine are never 
dark green, except when the original mineral contained con- 
siderable iron. 

8. It contained also some material that escaped as a gas—as 
the numerous air-cells alongside of the plates and the clouded 
bands show. ‘The air-cells are in the white serpentine and not 
often in the green. There are no facts in connection with 
pseudomorphs after chondrodite (a fluorine-bearing mineral), 
or after dolomite (a carbonate), to indicate that either fluorine 
or carbonic acid was the gas that escaped. 

9. The mass of the original mineral was, to a large extent, 
pressed out of shape, while softened during the pseudomor- 
phic process, thereby displacing the plates. and in some parts 
contorting them and producing much confusion. 

10. The white serpentine often occupies more space than the 
original block that was changed into it; for the green plates 
have sometimes been diverged by it, or pressed apart. This 
may have been due to the escaping gas alluded to, swelling 
up the white serpentine. 
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11. As to the original mineral, the only additional remark I 
now venture to make is that probably it was not any known 
mineral species. Chrysolite is orthorhombic; and has cleav- 
age in one direction rather distinct, becoming more so and open- 
ing as alteration advances; and also it is green and contains 
protoxide of iron—many characteristics in favor of its being the 
original mineral. But it has no ingredient that could have 
produced the air-cells by its escape; and no observed facts 
authorize the opinion that its crystals and crystalline masses 
could have been resolved into tables like those in the pseudo- 
morph here described. 

Anhydrite is orthorhombic and has a perfect cleavage in one 
direction, but it has good cleavage in other directions also; and 
it contains no iron and no ingredient to escape as a gas. 


B. PSEUDOMORPHS CONSISTING OF BRUCITE OR HYDRATE OF MAGNESIA. 
12. Brucite Pseudomorphs (?) after Dolomite. 


Brucite is sometimes found making a thin covering over the 
exterior of the masses of chondroditic rock, like the serpentine, 
and also constituting plates in fissures an inch or so thick, 
in the interior of which there are occasionally good crystalliza- 
tions of the mineral. Such facts show that it is there a sec- 
ondary product, resulting from the alteration of some magne- 
sian mineral in the ore-bed, for it is not among the constituents 
of the rock-masses; and also that it was formed cotempora- 
neously with the serpentine. 

It is also found, as has been stated, constituting with dolo- 
mite the filling of veins in the ore-bed, the filling being some- 
times part dolomite and part foliated brucite, one interpene-. 
trating the other. In such cases both minerals cover splendent 
erystallizations of chondrodite, and each contains isolated crys- 
tals of the same mineral equally splendent. The brucite effer- 
vesces more or less, owing to the presence in it of some dolo- 
mite. 

One of the specimens, alluded to on page 449, is an imbedded 
mass made up of dolomite and a fibrous mineral which is prob- 
ably brucite; much of the dolomite is penetrated with the 
brucite; moreover, as stated on the page referred to, both the 
dolomite and brucite are altered, over the exterior of the mass, 
to serpentine. The fibers of the fibrous surfaces cross at angles 
of 60° and 120°, and minute stellar forms occur in some parts 
of the dolomite. The fact that the fibrous mineral is essen- 
tially brucite, as suggested by its crystallization, is sustained 
by a partial chemical analysis made by Mr. G. W. Hawes. 
He found it to contain a trace of silica, arising probably, 
Am. Jour. Vou. VIII, No. 48.—Dec., 1874. 
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he suggests, from mixture with a little serpentine. The rest 
was soluble in boiling acid, though with more difficulty than 
ordinary brucite. 

The above observations lead to the following conclusions. 
(1) That the brucite in the veins of the ore-bed was made ovt 
of dolomite, one of the constituents of the ore-bed; but (2) 
that its production took place at the time of the crystallization 
of the dolomite of the same veins, and while chondrodite was 
in process of crystallization, and probably during the period 
of metamorphism. Hence the case is not one of true pseudo- 
morphism, that is, of alteration of crystals of dolomite to bru- 
cite, yet still the brucite was formed out of the dolomite of the 
enclosing rock. 

(3) For the brucite associated with serpentine over the 
blocks of the chondroditic rock of the ore-bed, the origin was 
of later date, the epoch of the serpentine changes, but proba- 
bly the same in kind. 

The change of dolomite to brucite, under the action of heat 
and moisture, or heated mineral solutions, loses part of its 
extraordinary aspect, when it is remembered that, by Pattin- 
son’s process for obtaining magnesia, the subjection of dolo- 
mite to heat separates the carbonic acid from the magnesia portion, 
leaving the carbonate of lime intact, and then the magnesia 
is removed by carbonated waters. 


C. MAGNETITE PSEUDOMORPHS. 
13, Magnetite Pseudomorphs after Dolomite. 


Dolomite often occurs in the cavities or veins of the ore-bed 
in groups of rhombohedral crystais, which are often of large 
size; these crystals are more or less completely changed to 
magnetite. Among the crystals occurring together on a single 
specimen, some are frequently all magnetite; others so only 
at surface, or along an edge, or an angle, or one side; while 
others are wholly unaltered. Crystals having a magnetite ex- 
terior are occasionally two to three inches in their dimensions. 

The change to magnetite took place by removal and substi- 
tution. The unaltered dolomite crystals of a specimen have 
always an eroded surface, and generally look as if they had 
been much reduced in size by a removal of the exterior. The 
change evidently began in each case at the surface, but not in 
all cases over all the surface planes at once; and sometimes it 
extended down into a crystal along rifts. The magnetite of a 
rhombohedral face shows its luster, as the crystal is turned to 
the light, successively in one large patch after another; thus 
indicating that the deposition began at different points and 
spread laterally; the group formed from each such center hav- 


| 


from the Tilly Foster Iron Mine. 455 


ing the crystalline grains in like position, and therefore being, 
simultaneous in their reflection of light to the eye. 

These magnetite pseudomorphs are often buried under ser- 
pentine, while at the same time the serpentine has sometimes a 
crust of dolomite. Hence their formation was succeeded, sooner 
or later, by other chemical depositions, that of serpentine, and 
afterward that of dolomite. 


14. Magnetite Pseudomorphs after Chondrodite and other 
Minerals. 


On specimens similar in character to those affording magnetite 
pseudomorphs after dolomite, there are implanted crystals of 
chondrodite, some of which have a thin coating of magnetite, 
and others in which this coating is relatively thick; while the 
surfaces of chondrodite exposed to view are very rough, as if 
eroded. There appears to be little doubt that, as in the pre- 
ceding case, there was a removal of the exterior of the crystals 
while the deposition of the magnetite was going forward. All 
improbability of such a removal is taken away by the occur- 
rence of pseudomorphs of dolomite after chondrodite (p. 456). 

There is abundant evidence that magnetite was freely de- 
posited during the progress of the changes that have been 
above described. 

The whitish and greenish serpentine derived from the altera- 
tion of chlorite and other minerals has sometimes a black or 
blue-black color, owing to the thick dissemination of magnetite 
in minute grains; and the serpentine pseudomorphs after 
chlorite might, in some cases, be rightly called serpentine-and- 
magnetite pseudomorphs; and so for some other serpentine 
pseudomorphs. By pulverizing this black serpentine and ap- 
plying a magnet, Professor Brush proved that the color was 
due to magnetite. A thin section of the black serpentine 
snowed under the microscope that it was simply a distribution 
of black grains in serpentine, some white translucent spots of 
serpentine appearing in the black area, and the grains were 
extremely minute. The cubic pseudomorph described on page 
375 has over it spots of blue-black which are of the same ori- 
gin. One large crystal of chondrodite (1°8 inches long), coated 
with magnetite, was covered with some of this black serpentine, 
and probably its own magnetite and that of the serpentine were 
deposited at the same time. In other cases of such secondary 
deposits, besides the magnetite in fine grains there are distinct 
magnetite crystals, and even those of large size. 

Ebelmen has shown * that when carbonate of lime is brought 
into contact with a silicate of iron heated to fusion, magnetite is 
deposited. At the Tilly Foster iron mine, carbonate of lime- 
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and-magnesia (dolomite), and solutions containing iron silicates, 
were together, and in all probability at a very high temperature. 
Hence we may reasonably conclude that under such circum- 
stances the magnetite was deposited. 


D. PSEUDOMORPHS CONSISTING OF PYRRHOTITE, OR THE SULPHIDE OF IRON FES. 
15. Pyrrhotite Pseudomorphs after Serpentine. 


The thin plates in the pseudomorphs, No. 11 (p. 450), some- 
times consist, in part of the specimen, of pyrrhotite instead of 
serpentine, and the pyrrhotite was substituted, not for the 
original mineral of the plates, but for the serpentine of which 
those plates now consist; for the plates were first made with 
their intervening layers of white serpentine before pseudo- 
morphism took place. Rifts in the white serpentine of the 
region are occasionally occupied by pyrrhotite—a fact that 
proves it to have been one of the later products. The altera- 
tion of the green plates, and not of the intervening white ser- 
pentine, may have been owing to the presence in the plates 
still of some iron. 


E. PSEUDOMORPHS CONSISTING OF DOLOMITE. 
16. Dolomite Pseudomorphs after Chondrodite. 


Implanted crystals of chondrodite occur sometimes with an 
exterior or crust of dolomite; and on the same specimen other 
crystals, of the form of the chondrodite, consist wholly of dolo- 
mite. The chondrodite is rough and looks as if eroded; and 
the complete substitution of dolomite for it proves that the 
deposition of dolomite took place concurrently with the re- 
moval of the chondrodite. The crystals that have a coat of 
dolomite, and those that are all dolomite, have the same size, 
which proves that the deposition of the crust was attended with 
a removal of chondrodite, and probably an equal bulk of it. 
The dolomite was chemically examined and proved to be this 
species by Professor Allen. It is a concretionary kind, such as 
is found as a crust over the serpentine of some specimens. 

Crystals of chondrodite coated with magnetite (No. 14) occur 
on the same specimens with these dolomite pseudomorphs after 
chondrodite ; and the corroding and removal of the chondrodite 
was probably effected in the case of both by the same chemical 
agent. 

4,—CONCLUSIONS AND RECAPITULATION. 


The facts are here recapitulated, partly that they may be 
convenient for consideration by the chemist, and with the hope 
that they may bring out an explanation of the chemical condi- 
tions by which the changes were brought about. 
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1. Changes during the epoch of Serpentine formation. 


1. All the common minerals of the ore-bed, excepting the 
magnetite, that is, the chondrodite, enstatite, hornblende, ripido- 
lite, massive chlorite, dolomite, biotite, and also the uncommon 
kinds, apatite and calcite, and two other species yet undetermined, 
occur changed to serpentine. The diversity of the minerals 
thus acted on gives augmented force to the remark in the open- 
ing part of this memoir, that the ore-bed had apparently been 
steeped in heated solutions or vapors; and that the moisture or 
vapors had great dissolving as well as decomposing and recom- 
posing power. 

2. The vast amount of fracturing undergone by the rocks of 
the ore-bed indicates a source for all the heat required for the 
various chemical changes—even if it were over 1,000° F.—in 
the transformation of motion into heat; and if this was the 
source, the epoch of serpentine production and pseudomorphism 
set in immediately upon the fracturing. 

3. The reasons for so extensive magnestan changes in the ore- 
bed are the following: 1. The fact that the mineral constitu- 
ents—the magnetite and the traces of sulphides and apatite 
excluded—are all magnesiun minerals. 2. The fact that 
chondrodite is the predominant species—it being (1) a mineral 
that is easily decomposed by acids, and (2) one that would have 
yielded up fluorine to increase the decomposing power of the 
working moisture; and (8) one that is extremely brittle, in 
consequence of which it became broken into bits, and thus was 
opened throughout to the vapors set in action. The chondro- 
dite is the constituent of the ore-bed most extensively altered ; 
that next, the ripidolite and the massive chlorite; the next, the 
enstatite and hornblende ; last, the dolomite. 

4. The serpentine derived from the ripidolite is usually white 
to pale gray-green in color, partly because the amount of iron 
present is not large, and also because the loose aggregation of 
the folia gave a chance for percolating waters to drain off the 
iron; that from the dolomite is apple-green or gray-green ; that 
from the pale chondrodite agai but that from most chon- 
drodite bluish-green to smoky blue ; that from the granular 
chlorite and from the enstatite, hornblende and biotite—all 
eminently iron-bearing species—dark olive-green. 

5. The production of the serpentine was accompanied by the 
production of magnetite in grains and crystals (p. 454); of dol- 
omite in crusts and crystals ; of brucite in coatings and crystal- 
lized plates filling fissures (p. 4538). It was accompanie also 
in some places by the removal, through solution, of chondrodite 
and dolomite, and the concurrent substitution of magnetite 
(p. 455), or by the solution of chondrodite and the concurrent 
substitution of dolomite (p. 456). 
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6. The era occupied by the serpentine-making and the accom- 
panying changes may have been long; and yet there are no 
acts that definitely prove this. The great extent of the change 
suggests that it was long. But the successive depositions of 
serpentine and other such changes may have been effected 
without any great lapse of time. An example is afforded b 
the specimen containing the cubic pseudomorphs (fig. 1), it 
having ‘serpentine of two separate times of formations, and 
affording evidence of the deposition of the cubic mineral be- 
tween the two. In other specimens dolomite crystals are cov- 
ered with (or converted into) magnetite; then are overlaid bya 
layer of serpentine ; then by crystals or a crust of dolomite; 
and this by a second deposit of serpentine: yet these and other 
like cases prove nothing as to whether the time elapsed was 
long or not in a geological sense. 

7. In the serpentine pseudomorphs after minerals having 
cleavage-joints, the pseudomorphism usually went forward by 
blocks bounded by the cleavage-joints. The change, begun in 
any point, spread as far as the first cleavage-joint, and there the 
thin stratum of air encountered proved to some extent a barrier 
to farther progress so that the block was finished out com- 
plete before proceeding to the next: as in the cubic pseudo- 
morphs (p. 375), chlorite (p. 381), biotite, and the mineral de- 
scribed on p. 450. Hence side by side positions of altered and 
wholly unaltered portions are common in such minerals. This 
law must be a general one for pseudomorphic changes. 

This fact of alteration by blocks or layers may have some 
bearing on the origin of the masses of interlaminated serpen- 
tine and carbonate of lime which go under the name of Hozoon, 
that is, if they are not of organic origin. 

8. The facts at the Tilly Foster iron-mine afford an example 
of the production of serpentine, not by the help of the mag- 
nesian waters of the ocean or springs, but through the altera- 
tion of magnesian minerals. It is true that the serpentine of 
the fissures is not all of it properly pseudomorphous, since part 
is a deposit at a distance from the crystal or crystalline mass 
that afforded it. But it is all a result of the alteration of mag- 
nesian minerals. 


2. Changes during the epoch of Metamorphism. 


The crystallization of the chondrodite, and of most of the 
ripidolite, magnetite and dolomite, belongs (1) to the period 
(pre-Silurian) when the Archean rocks, the ore-bed included, 
were crystallized or rendered metamorphic; and (2) to the 
time of formation of the small intersecting veins, which oc- 
curred probably during the epoch of metamorphism. 

The chondrodite crystals implanted on the walls of the veins 
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are usually accompanied by implanted crystals also of ripido- 
lite and magnetite, and sometimes by those of dolomite. The 
chondrodite, ripidolite and magnetite of the veins are often 
overlaid by a crystallization of dolomite afterward introduced 
(perhaps immediately afterward), and in places by that of bru- 
cite. But crystals of ripidolite sometimes overlie chondrodite, 
and rarely are imbedded in a crystal of chondrodite;_bril- 
liant crystals of chondrodite occur isolated in the dolomite and 
in the brucite; and grains and crystals of magnetite are often 
imbedded in the dolomite: showing that all these minerals 
were made at one epoch, and together. The crystallization of 
most, but not all, of the chondrodite of a vein preceded the 
deposition of the accompanying dolomite. 


3. Pseudomorphism not “ Envelopment.” 


One single writer on pseudomorphism, Prof. T. Sterry Hunt, 
speaks of most pseudomorphous silicates among minerals, the 
serpentine pseudomorphs especially, as cases of “ envelopment” 
that is, mixtures made by contemporaneous crystallization—a 
term borrowed from Delesse, but employed with a changed use. 
The Tilly Foster iron-mine, like other localities, affords ser- 
pentine-pseudomorphs after chondrodite, chlorite, and other 
minerals that are pure serpentine; which, therefore, envelop 
nothing and are enveloped of nothing: and to which, there- 
fore, the idea of “envelopment” has no application. They are 
manifestly the final results in a change to serpentine, the steps 
of which are illustrated, and admirably so, S various inter- 
mediate specimens. 


Arr. XLITL—On the age of the Lignitic formation of the 
Rocky Mountain region; by Mr. F. B. Mrex. 


[On this important question in American geology, Mr. Meek has 
presented a learned discussion in Hayden’s Report for 1872, from 
which we cite the following facts.— ~*~ 

According to the observations of Mr. Meek, in each of the ter- 
ritories, Utah, Wyoming and Colorado, specimens of Jnoceramus 
problematicus occur at different levels in the Coal formation; 
near Bear River, Wyoming, a bed above the principal coal bed is 
full of good specimens ; at Coalville the shells occur both below 
and above the main coal bed, through a range of beds having in 
all a thickness of 4,680 feet; all but 400 feet of this series lie 
above the great coal bed. Moreover, none of the specimens of 
Inoceramus—which are mostly casts—bear any evidence of having 
been washed out and transferred from an older formation. 
Besides Jnoceramus at different levels, there is a species of Gyrodes, 
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G. depressa, over 400 feet above the same coal bed near Ooalville; 
and also, in other localities, a species of Anchura and one of Cypri- 
mera, Cretaceous genera. 

With regard to the beds of Bitter Creek (a small tributary of 
Green River in Wyoming), from Black Butte northwestward to 
Salt Wells Station, on the Union Pacific Railroad, Mr. Meek is 
less positive. His conclusions are given in the following para- 
graphs here cited from his paper. 

“The entire absence among the fossils yet known from this for- 
mation of Baculites, Scaphites, Ancyloceras, Ptychoceras, Ammo- 
nites, Gyrodes, Anchura, Inoceramus, and all of the other long 
list of genera characteristic of the Cretaceous, or in part also 
extending into older rocks, certainly leaves its molluscan fauna 
with a strong Tertiary facies. Nor can we quite satisfactorily 
explain this away on the ground that the water in which this 
series of rocks was deposited partook too much of the character 
of that of an estuary, to have permitted the existence of any of 
these marine genera, because we do find in it the genus Ostrea, 
Anomia, and Modiola, which probably required water salt enough 
to have permitted the existence of Jnoceramus, Anchura, and 
Gyrodes, if not of some or all of the genera mentioned above. 
Indeed, at Coalville, we find Jnoceramus associated with some 
brackish-water types, and the additional Cretaceous genera, 
Cyprimera, Anchura, Gyrodes, &c., in closely-associated beds. 

When we come to consider the invertebrate fossils yet known 
from this formation, in their specific relations, we find all, with 
possibly two or three exceptions, new to science and different 
from those yet found either at Bear River, Coalville, or indeed 
elsewhere in any established horizon; so that we can scarcely 
more than conjecture, from their specific affinities to known forms, 
as to the probable age of the rocks in which we find them. Con- 
sidered in this respect, their evidence, however, is conflicting. 
Two of the species of Corbula, for instance (C. tropidophora and 
C. undifera), are most similar to species found in the brackish- 
water beds, at the mouth of Judith River on the Upper Missouri, 
that we have alw ays considered Lower Tertiary; though there 
are some reasons for suspecting that they may be Upper Cre- 
taceous. A Corbicula, both from the Black Butte and Point of 
Rocks localities, is even so very nearly like C. cytheriformis from 
the Judith River beds, that I have referred it doubtfully to that 
species. 

Again, the species Anomia gryphorhynchus, found so abun- 
dantly at Point of Rocks in the same bed with the above-men- 
tioned Corbicula and Corbula trophidophora, so closely resem- 
bles a Texas Cretaceous shell described by Roemer under the 
name Ostrea anomiceformis, that I am strongly inclined to sus- 
pect they may be the same; though whether identical or not, at 
least our shell is certainly not an oyster, as it has its muscular 
and cartilage scars precisely as in Anomia, while its beak is 
never marginal, and it has no ligament area. 
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On the other hand, the Corbiculas are decidedly Tertiary in 
their specific affinities, as well as in their subgeneric; C. fracta, 
for instance, and C. crassatelliformis, from the Hallville mines, 
being very closely allied to Paris Basin Tertiary forms, the first- 
mentioned species being the type of a sub-genus, so far as known, 
peculiar to the Tertiary elsewhere. The same may be said of 
C. cytheriformis, which also seems to belong to a group ( Velori- 
tina) peculiar to the Tertiary in Europe. 

But the most surprising fact to me, supposing this to be a Cre- 
taceous formation, is, that we found directly associated with the 
reptilian remains at Black Butte a shell I cannot distinguish from 
Viviparus trochiformis, originally described from the Lignitic 
formation at Fort Clark, on the Upper Missouri, a formation that 
has always been regarded as Tertiary by ail who have studied its 
fossils, both animal and vegetable. The specimen mentioned does 
not show the aperture, nor all of the body volution ; but, as far as 
can be seen, it agrees so exactly with that very peculiar species in 
size, the form and proportions of its volutions, the slope of its spire, 
its surface markings, the nature of its suture, and, in fact, in every 
respect so far as can be seen, that I have scarcely any doubt of its 
identity with the same. 

The occurrence of this last-mentioned species here, along with a 
Cretaceous type of reptilian, and a Corbicula apparently identical 
with C. cytheriformis of the Judith River brackish-water beds, 
together with the presence of Corbulas very closely allied to 
Judith River species, at lower horizons in this series, and the 
occurrence of some vertebrates of Cretaceous affinities at the 
Judith River localities, would certainly strongly favor the conclu- 
sion, not only that this Judith formation, the age of which has so 
long been in doubt, is also Cretaceous; but that even the higher 
fresh-water Lignite formation at Fort Clark and other Upper Mis- 
souri localities may also be Upper Cretaceous instead of Lower 
Tertiary. 

That the Judith River beds may be Cretaceous, I am, in the 
light of all now known of the geology of this great internal region 
of the continent, rather inclined to believe. But it would take 
very strong evidence to convince me that the higher fresh-water 
Lignite series of the Upper Missouri is more ancient than the 
Lower Eocene. That they are not is certainly strongly indicated, 
not only by the modern affinities of their molluscan remains, but 
also by the state of the preservation of the latter. Indeed, these 
shells (Planorbis, Viviparus, Goniobasis, Physa, &c.) are found 
loose, as they fall from the incoherent sand in great numbers, so 
entirely free from adhering matrix, either internal or external, and 
so little changed, that any one not familiar with the existing 
species of the country would naturally think them merely dead 
shells of the same, picked up along the shores of the streams. 
The entire flora of this Upper Missouri Lignite group has also 
always been considered, by the highest authorities on that depart- 
ment of paleontology, unquestionably Tertiary. 
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From the foregoing remarks it will be seen that our present 
information in regard to the age of the Bitter Creek series may be 
summarily stated as follows: 

1. That it is conformable to an extensive fresh-water Tertiary 
formation above, from which it does not differ materially in litho- 
logical characters, excepting in containing numerous beds and 
seams of coal. 

2. That it seems also to be conformable to a somewhat differ- 
ently composed group of strata (1,000 feet, or possibly much more 
in thickness) below, apparently containing little if any coal, and 
believed to be of Cretaceous age. 

3. That it shows no essential difference of lithological charac- 
ters from the Cretaceous coal-bearing rocks at Bear River and 
Coalville. 

4, That its entire group of vegetable remains (as determined 
by Professor Lesquereux) presents exclusively and decidedl 
Tertiary affinities, excepting one peculiar marine plant (Halyme- 
nites), which also occurs thousands of feet beneath undoubted 
Cretaceous fossils, at Coalville, in Utah. 

5. That all of its animal remains yet known are specifically dif- 
ferent from any of those hitherto found in any of the other forma- 
tions of this region, or, with perhaps two, or possibly three excep- 
tions, elsewhere. 

6. That all of its known invertebrate remains are mollusks, 
consisting of about thirteen species and varieties of marine, brack- 
ish, and fresh-water types, none of which belong to genera peculiar 
to the Cretaceous or any older rocks, but all to such genera as are 
alike common to the Cretaceous, Tertiary, and present epochs, with 

ossibly the exception of Goniobasis (which is not yet certainly 
nown from the Cretaceous). 

7. That, on the one hand, two or three of its species belong to 
sections or subgenera (Leptesthes and Veloritina) apparently 
characteristic of the Eocene Tertiary of Europe, and are even very 
closely allied to species of that age found in the Paris Basin; 
while, on the other hand, one species seems to be conspecific 
with, and two congeneric with (and closely related specifically to), 
forms found in brackish-water beds on the Upper Missouri, con- 
taining vertebrate remains most nearly allied to types hitherto 
deemed characteristic of the Cretaceous. 

8. That one species of Anomia found in it is very similar to a 
Texas Cretaceous shell, and perhaps specifically identical with it ; 
while a Viviparus, found in one of the upper beds, is almost cer- 
tainly identical with the V. trochiformis of the fresh-water Lig- 
nite formation of the Upper Missouri; a formation that has 
always and by all authorities, been considered Tertiary. 

9. That the only vertebrate remains yet found in it are those of 
a large reptilian (occurring in direct association with the Vivi- 
parus mentioned above), which, according to Professor Cope, 
is a decidedly Cretaceous type, being, as he states, a huge Dino- 
saurian. 
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It thus becomes manifest that the paleontological evidence bear- 
ing on the question of the age of this formation, so far as yet 
known, is of a very conflicting nature; though aside from the 
Dinosaurian, the organic remains favor the conclusion that it is 
Tertiary. The testimony of the plants, however, on this point, 
although they doubtless represent what would be in Europe con- 
sidered clearly a Tertiary flora, is weakened by the fact that we 
already know that there is in Nebraska, in clearly Cretaceous 
rocks, a flora that was referred by the highest European authority 
to the Miocene. I do not know, however, how far Professor Les- 
quereux’s opinion, that the Bitter Creek plants are Tertiary, may 
rest upon specific identifications among them of forms known to 
occur in well determined Tertiary rocks elsewhere.” 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHYysICcs. 


1. Magnetic Equivalent of Heat.—M. Caztn has been inves- 
tigating the heat produced in the core of an electro-magnet when 
the current is alternately made and broken. Call m the induced 
magnetism, / the distance between the poles, Q@ the number of units 
of heat created by the disppearance of the magnetism, and A a 
coefficient which is constant for the same coil and current. Then 
A Q=m?l, in which, if all the magnetism is converted into heat, A 
will measure the number of units of magnetic energy equivalent 
to a unit of heat. To see if A is constant, the core of the magnet 
is surrounded by two coils and the current made and broken in one; 
A then varies according to the method of closing the secondary 
circuit. If wholly closed, A has its greatest value. If closed 
while the primary is open, it is less; and if closed while the primary 
is closed, A has the same value as if the secondary is wholly open. 
Hence the induction in the secondary circuit occasions a division 
of the heat. 

A alters with the change in duration of the spark of rupture, by 
forming it in air, water, alcohol, ether, &c. This is explained by 
the current induced in the magnetizing coil in which part of the 
heat is found. A diminishes by connecting the point and mercury 
with the surfaces of a condenser, and also by increasing the num- 
ber of convolutions. 

From these facts it follows that to measure the magnetic equiv- 
alent of heat, we must use a bobbin of stout and short wire to 
reduce the induction to a minimum, employ a weak current, and 
break it in a very resisting medium, that the circuit may be broken 
in as short a time as possible. 

The differential thermo-magnetic apparatus described, Comptes 
Rendus, Ixxviii, 845, serves to measure the increased pressure of a 
mass of air enclosed in the magnetized core after the circuit has 
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been broken V times. The temperature of the air is the same as 
that of the inner surface of the core. This is thin and surrounded 
with a thick layer of cotton, and hence the amount of heat gene- 
rated is found by multiplying the increase of temperature, by the 
weight of iron, by its specific heat. In an example the coil had 
480 turns, the core weighed 832°5 grams, the current =°02382, 
the unit being that required to set free 1 mgr. of hydrogen a second, 
and the current was interrupted 2778 times in ten minutes, The 
pressure of the air increased 17°8 mm, of water, corresponding toa 
change of temperature of 0°508. The amount of heat Q generated 
was °0000174 units, and the value of m?/ was 1855: the unit being 
the amount requisite to repel an equal amount at distance of a 
decimeter with a force of a decigram. This gives the magnetic 
equivalent of heat=106,000,000 units of magnetic energy, approx- 
imately. Its true value is probably somewhat less since we have 
not here taken account of the heat transported by induction into 
the magnetizing coil, but have only taken care that it should be 
small.— Comptes Rendus, \xxix, 290. E. ©. P. 

2. Unilateral Conductivity.—Dr. A. Scuuster finds that certain 
conductors oppose different resistance when the current passes 
through them in opposite directions. It would be difficult to detect 
such differences in the ordinary way, as it would be masked by 
changes of temperature and of the current. If we use, however, 
the current induced by a moving magnet, we may be sure that it 
is always constant, as long as the strength of the magnet does not 

rary, and its motion is the same when approached as when reced- 
ing. A magnet is made to rotate rapidly in a coil of wire and 
thus induces currents alternately in opposite directions. The elec- 
tromotive force producing these currents must be the same in both 
directions ; hence any difference iu the two sets of currents must 
be due to a difference in the resistance. The induced currents 
move a galvanometer in opposite directions, but if they follow each 
other with great rapidity the needle will come to rest at the zero, 
provided the currents have equal strengths. If the two currents 
are strong, a very slight difference will have a marked effect on 
the needle. 

The magnet was attached to the plate of a sirene and revolved 
about 40 times a second; the wire of the coil had a resistance of 
about 30 mercury units, and the electro-motive force in each direc- 
tion was about ‘12 of a Grove cell. The total resistance, including 
the galvanometer, was about 2500 units. To measure the deflec- 
tion of the needle, a mirror, telescope and scale were used, and 
the delicacy of the galvanometer was such that an electro-motive 
force of ‘0005 of a Daniel cell produced a deflection of 200 divisions 
of the scale. If now the wire to be tested was connected with the 
galvanometer and coil, and the magnet set in motion, generally 
the needle would begin to deviate to one side and finally come to 
rest at some distance from the zero. Changing the connections 
generally changed the effect. Repeating the experiment several 
times generally diminishes the deviation or causes it to disappear, 
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but allowing the apparatus to rest for some hours or days brought 
it back. Inserting a wire which had never before been subjected to 
a current, drove the needle wildly to one side, although its resist- 
ance was but ‘1 of a unit. Suppose the circuit produces no deflec- 
tion, and a wire is introduced which deviates the needle; make 
this deviation disappear by repeating the experiment, and then 
remove the wire, when the deflection will reappear. If again 
made to disappear and the wire once more inserted, it will now 
be quite neutral, producing no deflection. 

The only explanation offered to account for these phenomena is 
the following. Suppose a spark passed froma sphere to a point; 
it is known that the electro-motive force required is different 
according to the direction of the current. A circuit composed of 
a wire terminating in a sphere and separated from another wire by 
a thin layer of air, would therefore show unilateral conductivity, 
the current passing in one direction more easily than in the other. 
Metals condense gases in, great quantity at their surfaces, and it is 
quite conceivable that if two wires are screwed together, that par- 
ticles of air will separate the two surfaces and that a small voltaic 
are will be the result.— Phil. Mag., x\viii, 251. E, C. P. 

3. Specific Heat of Gases—WirpEMANN has succeeded in 
measuring the specific heat of gases, by a method which gives re- 
sults as accurate as those of Regnault, while the apparatus em- 
ployed is much smaller and less complicated. Two glass vessels 
are used, one of which may be filled with water from a reservoir 
ten feet above and the air driven from it into the other vessel 
which contains a rubber bag with a capacity of 25 litres, This 
contains the gas to be studied, any portion of which may be ex- 
pelled from the bag by admitting water from the reservoir. Its 
volume is obtained with great accuracy by weighing the water 
collected and correcting for temperature and pressure. 

The apparatus for heating consists of a tube, 3 meters long and 9 
centimeters in diameter, filled with copper turnings and immersed 
in boiling water. When the gas traverses this tube it is com- 
pletely heated, even when 10 litres pass per minute. The calori- 
meter consists of three silver tubes, 63 mm. high and 9 mm. in 
diameter, filled with silver turnings and which the gas traverses 
successively. They are contained in a silvered copper vessel, 54 
mm. high and 44 mm. in diameter, filled with water. To avoid 
radiation, the whole is enclosed in a double box of tin, which is 
filled with water and brought to a temperature midway between 
the initial and final temperature of the calorimeter. The small 
size of the latter, which contains only about 60 grams of water, 
enables us to obtain a considerable elevation of temperature. Thus 
20 litres cooling from 100° to 20° raised the temperature 8°. To 
produce the same elevation Regnault required 200 litres, a serious 
objection, when it is difficult to obtain large quantities of the gas 
in a state of purity. With this apparatus the specific heat of sev- 
eral gases was measured with the following results, in which R. 
denotes Regnault’s determination, and W. that obtained with the 
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above apparatus. Air, R. ‘2377, W. ‘237; carbonic acid, R. -2043, 
W. hydrogen, R. 3409, W. ‘3431; ethylene, R. gives 4147 
and ‘3933 or ‘4040 as a mean, W. ‘4070 and ‘3950 or a mean of 
401. The agreemen: is therefore very satisfactory.— Bib. Univ., 
cci, 73. E. ©. P. 


II. GeoLocy AND NATURAL HIsTorY. 


1. Coral reefs of Hawati.—Mr. Darwin, in the new edition of his 
work on Coral reefs, cites statements from Ellis respecting the exist- 
ence of elevated beds of coral detritus “round several parts of 
Hawaii, about twenty feet above the level of the sea.” The writer, 
as Mr. Darwin states, saw hardly any reefs about the island, the 
only point mentioned in my report being the vicinity of Hilo. In 
reply to an enquiry by me on the subject, the Rev. Mr. Coan, 
long a resident of Hilo, and, as missionary, a traveler over various 
= of the island of Hawaii, makes the following statement in a 
etter dated Hilo, October 26th, 1874. Mr. Coan is a careful ob- 
server of natural objects and phenomena, aud has written much 
on the Hawaiian volcanos. 

“* With respect to your enquiry whether there is any elevated 
coral reef rock around the shores of Hawaii, I would reply that 
I think not. I have traveled the whole circuit of the island by 
land, and in boats, canoes and larger vessels, and there is hardly 
@ point along the shores which I have not noticed carefully. Hono- 
lulu, on the island of Oahu, is built much of it upon the ele- 
vated eoral-reef rock, and there are large areas in the district of 
Waianae and other portions of the Oahu shores; but there is 
nothing of this kind on Hawaii. You are aware that corals, even 
under the water, are on the weather side of this island [the eastern, 
near the middle of which is the harbor of Hilo], not abundant, 
and all the good specimens we get are obtained by diving. 
Small quantities of broken corals are washed ashore by the 
waves.” 

The Oahu reefs are described by me in my Exploring Expedition 
Geological Report, pp. 251-256. The facts are more briefly men- 
tioned in my work on Corals and Coral Islands. J. D. DANA, 

2. Drift in Kansas ; by Rev. M. V. B. Knox. (From a letter 
to J. D. Dana, dated Sept. 24, Baldwin City.)—The drift in Kan- 
sas is confined mostly to the northern half of the State, little 
having been found any distance south of the great Kansas Valley. 
North of this river, especially in the region north and west of 
Topeka, there are drift rocks of vast size. The prevalent kind 
of rock is red and flesh-colored quartzite, with a mixture of 
conglomerate and trap; the mass is red quartzite. On the high 
prairie, these boulders are sometimes from six to fifteen feet in 
diameter; yet in the northeast fourth of the State, one may 
ride twenty miles over the prairies and not see one of so large 
size. Smaller boulders and pebbles are everywhere to be found 
in this part of the State. 
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North of the Kau, or as it is called far west, the Smoky Hill, 
in the Solomon River region, there are pebbles only of the size of 
quails’ eggs—and these are confined to the beds of the streams. 
In the forks of the Solomon, about Cawker, large beds of these 
pebbles are found, washed from the soil, no doubt, in the whole 
course of the streams, and thrown into banks. These forks do 
not reach near the Rocky Mountains, but are entirely made up in 
the prairies. South of the Kau there are a few regions of drift. One 
in Wabamsu County, opposite Wamego, is the largest deposit I 
have seen in the State. Fifty or a hundred acres, on the top of 
high bluffs, are covered so thick as to take up all the space, and I 
judged that it might be 8-12 feet deep in places. None of the 
stones or boulders are more than three or four feet in diameter. 

3. Note on the Hawaiian Volcanoes; by Rev. T. Coan. (From 
a letter to J. D. Dana, dated Hilo, Oct. 6.)—Kilauea has been 
very active for the greater part of the past year. The great 
South lake has been full and overflowing much of the time; and 
the great central depression of 1868, in the crater, has been filled 
up by deposits about 200 feet, while the region around the great 
south lake (Halemaumau) is a truncated mountain nearly as high 
as the outer upper edge of the crater. 

Mokuaweoweo, the summit crater of Mauna Loa, has been in 
action for eighteen months. For the most of tie time the action 
has been violent. Of late it has decreased, and there is the 
appearance that it will soon cease. 

e have had few earthquakes at Hilo during the year, and 
these have been feeble. They are often felt near Kilauea in the 
district of Kau. 

4, Permian in the Nova Scotia Coal Region.—Dr. Dawson 
has a paper in the Quarterly Journal of the Geological Society, 
vol. xxx, in which he points out reasons for suspecting the upper 

art of the Carboniferous series to be of the Permian period. 
sealer of the plants of the beds are in Europe, both Carbon- 
iferous and Permian, as Calamites Suckovii, C. Cistii, Annularia 
longifolia, Neuropteris flexuosa, N. cordata, N. auriculata, 
Pecopteris aborescens, P. oreopteroides, P. abbreviata ; and “Ca- 
lamites gigas is a decidedly and peculiarly Permian species.” 
The evidence is not positive. No marine shells occur in the beds 
to aid in arriving at a true conclusion. 

5. Seventh Annual Report of the United States Geological 
Survey of the Territories for 1873, Dr. F. V. Hayprn, U. S. 
Geologist in charge: conducted under the authority of the Secre- 
tary of the Interior. Washington, 1874.—Dr. Hayden’s Report 
for 1873, just now leaving the press, comes laden with valuable 
facts respecting the topography, geography and varied researches 
of the Rocky Mountain Region, and particularly of the Territory 
of Colorado. Dr. Hayden opens the volume with chapters on the 
features and general geology of the Colorado Range, South Park, 
Park Range, Sawatch Range, and the Elk Mountains, and on the 
remarkable glacial phenomena about the mountains. Next fol- 
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lows an excellent Geological Report by Arcuipatp R. Marvine, 
Assistant Geologist, directing the Middle Park division of the 
Survey. The topographical features are carefully described, and 
then the several geological formations in order. The Lignitic 
formation of Colorado he refers; like Dr. Hayden and Mr. L. 
Lesquereux, to the Lower Tertiary. Numerous analyses are given 
of the Lignitic coals, and much other information of economical 
value relating to the character and distribution of the coal beds is 
added. The granite and other granitic rocks of the mountain 
ranges in the region are shown by Mr. Marvine to be of meta- 
morphic origin. 

Pages 193 to 274 are occupied by the Report of Dr. A, C. 
PrEack, Geologist of the South Park Division. The Report con- 
tains a large amount of information respecting the Cretaceous, 
Lignitic and other formations of the region. In Pleasant Park, 
Carboniferous rocks were distinguished, overlying the granite. 
On Trout Creek, a few miles below Bergen Park, fossils of the 
Quebec group were collected, including species of Obvlus, Cono- 
coryphe, Bathyurus, etc. Beds referred to the Quebec group were 
found also on Horse-shoe or 4-mile Creek, near Horse-shoe Moun- 
tain, with also others of the Carboniferous. In the vicinity of 
Tennessee Pass, between the Arkansas and the head of Eagle 
River, on a large branch coming from the west, the beds are sta- 
ted to range in age from the Silurian to at least the Upper Car- 
boniferous. No mention, however, is made of Upper Silurian or 
Devonian fossils. The report closes with a catalogue of minerals 
and rocks, 

Next follows a report by Mr. F. M. Enpuicn, on the mining 
districts of Colorado; another of 60 pages by Leo LesquerEvx, 
on the Lignitic formation and its fossil flora; one of more than 
100 pages by Mr. E. D. Corr, on the Vertebrate paleontology of 
Colorado, containing descriptions of many new species. These 
are followed by Zoological and Geographical reports of consider- 
able length, the latter by Mr. James T. Gardner, Geographer of 
the Expedition, the sheets of which have not yet reached us. 

Dr. Hayden, by adding to his own valuable work that of other 
scientific observers of known thoroughness, carries forward a vast 
amount of research each year, and is thus making extraordinary 
progress in extending our knowledge of the Rocky Mountain 
territories, 

We learn that extended quarto Reports on the Fossil Plants by 
L. LesquEREvx, and on the Invertebrate Fossils of the Rocky 
Mountain region by Mr. F. B. Meek, both to be illustrated by 
numerous plates, are soon to be issued. 

6. Catalogue of Plants collected in the years 1871, 1872 and 
1873, with descriptions of new species. 62 pp. 8vo. Report upon 
Ornithological specimens collected in the years 1871, 1872 and 
1873. 148 pp. 8vo. Geographical and Geological explorations 
and surveys west of the one hundredth meridian. First Lieut. 
Gro. M. Wannns, Corps of Engineers, in charge, Engineer 
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Department, U. S. Army.—These catalogues of Plants and Birds, 
collected in connection with Lieut. Wheeler’s expeditions, contain, 
besides a list of species, notes upon many of those imperfectly 
known, and descriptions of some new species. The Botanical 
Catalogue has been prepared through the assistance of various 
botanists, namely: Prof. Asa Gray, Mr. Sereno Watson, Prof. D. 
C. Eaton, Mr. Thomas P. James, Dr. George Vasey, Dr. George 
Thurber, Mr. Josiah Hoopes, Mr. S. T. Olney, and Mr. C, F. Aus- 
tin, and also of Assistant Surgeon U.S. A., Dr. J. T. Rothrock. 

The report on the Birds is by Dr. N. C. Yarrow and Henry 
W. Henshaw. It contains much valuable information respecting 
the characters and distribution of the species. 

7. On the Use of “ Cyclosis” in America. (Read before the 
Association for Advancement of Science at Hartford.)—The 
words rotation and cyclosis were first proposed in 1829 by C. H. 
Schultz, in a letter on the circulation of fluids in plants, addressed 
to the Paris Academy, and published in 1831 in the Ann, des 
Sciences Nat., 1st ser., vol. xxii. In this letter he defines rota- 
tion as the movement of sap round the axis of each particular cell, 
while cyclosis is the name he gives to the circulation in spiral ves- 
sels he supposed occurred in phanerogams. In asubsequent essay, 
“ Sur la circulation,” ete., published in Nova Acta, 1841, vol. xxiii, 
2d supplement, the application of cyclosis is restricted to the move- 
ments of the latex in the lacticiferous vessels. 

Mohl and others proved many of the theories of Schultz to be 
erroneous, but these words proposed by him were adopted and con- 
tinue in use by most English authors in their original signification. 

In America, with the exception of Dr. Darby, who in his “ Flora 
of the Southern States” has retained the original meaning, the 
word rotation appears to be ignored, and cyclosis substituted for 
it, to denote the intra-cellular motion of protoplasm,—a transfer 
not justified by either the origin or present use of the word in 
Europe. 

It is perhaps true, as remarked in the Botany of Maout and 
Decaisne, that Schultz did not make a happy application of the 
word cyclosis, and if it were established that latex circulation did 
not exist, the transfer of use might be accomplished. 

But many competent observers believe in an independent latex 
motion, the old meaning is still adhered to in England, and hence 
an unnecessary confusion of terms results from applying the name 
cyclosis to the cell circulation properly called rotation. 

It should be remembered that both these movements of plant 
fluids are distinct from the interchange between roots and 
branches, known as the general circulation. WM. H. SEAMAN, 

Note.—The case stands thus: Von Mohl, the highest authority, 
is responsible for the statement (which Le Maout and Decaisne 
say he demonstrated) that Schultz’s pretended latex circulation 
has no existence; the present writer took up the word cyclosis for the 
actual phenomenon which it well describes; and finally, Le Maout 
and Decaisne say: “ C’est 4 le mouvement intra-cellulaire qu’ on a 
Am. JOUR. Vou. VIII, No. 48.—Dec., 1874. 
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donné le nom de rotation, terme tout a-fait impropre, auquel il 
serait convenable de substituer celui de cyclose, aboli par Hugo 
Mohl, et qui exprime plus exactment le mouvement circulaire du 
suc dans la cellule” (p. 117). And we learn that the term cyclosis 
is defined accordingly in England, in the last edition of the Micro- 
graphic Dictionary. So there is some good authority for the 
American use of the term in Europe. A. G. 

8. Notice of Papers on Embryology by A. Kowalevsky ; by A. 
Agassiz, (Communicated.)—A. Kowalevsky has published, unfor- 
tunately in Russian, two capital papers on Embryology. The one 
continues the investigations he had been carrying on regarding the 
existence of an ectoderm and entoderm layer in the early embry- 
onic stages of Invertebrates. In the present paper he has given 
@ summary of the early stages of a Campanularia, confirming the 
observations of Wright and A. Agassiz. For Rhizostoma and 
Cassiopea he shows that the digestive cavity is formed by the 
invagination of the ectoderm. This is contrary to the results of 
previous observers, except Schneider. For Pelagia he shows a 
direct dev elopment from the egg remarkably similar to that of the 
Geryonidae as we know it from Heckel, Fol and Metschnikoff. 
He adds nothing to the embryology of Actinia not already known 
from the magnificent monograph of Lacaze-Duthiers. He then 
passes on to the development of Alcyonium, of which he gives an 
extremely interesting sketch supplemented by fragments on the 
embryology of Astrea, Gorgonia and Cerianthus, the development 
of the latter is strikingly similar to that of Edwardsia, as we know 
it during its passage from Arachnactis to Edwardsia. He has 
added a few observations on the earlier embryonic stages of 
Eschscholtzia, Beroé and Eucharis, completing deficiencies in his 
earlier papers on the embryology of Ctenophore. These supple- 
mentary observations agree completely with the observations of 
A. Agassiz on the embryology of Ctenophore. 

The second Memoir is a very complete history of the develop- 
ment of Brachiopods, strikingly in accordance with the views of 
Steenstrup and of Morse on the affinities of Brachiopods with 
Annelids. The homology between the early embryonic stages of 
Argiope with well known Annelid larve is most remar kable, and 
the resemblance between some of the stages of Argiope figured by 
Kowalevsky and the corresponding stages of growth of the so- 
called Lovén type of development among Annelids is complete. 
The number of segments is less, but otherwise the main structural 
features show a closeness of agreement which will make it difficult 
for Conchologists hereafter to claim Brachiopods as their special 
property. The identity in the ulterior mode of growth between 
the embryo of Argiope and of Balanoglossus, in the Tornaria stage, 
is still more striking; we can follow the changes undergone by 
Argiope while it passes through its Tornaria stage, if we may so 
call it, and becomes gradually, by a mere modification of the 
topography of its organs, transformed into a minute pedunculated 
Brachiopod differing as far from the Tornaria stage of Argiope as 
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the young Balanoglossus differs from the free-swimming Tornaria. 
In fact the whole development of Argiope is a remarkable combina- 
tion of the Lovén and of the Tornaria types of development among 
Worms. His paper also includes the history of a less vermiform 
type of development, that of Thecidium and of Terebratula, in 
which the observations of Kowalevsky fully agree with the previ- 
ous well known memoir of Lacaze-Duthiers on Thecidium, and of 
Morse on Terebratulina. It is not out of place to recall the very 
ungenerous treatment which Morse received at the hands of many 
Conchologists for the heresies of his papers on the systematic 
position of Brachiopoda; and it certainly is a striking proof of 
the sagacity of Morse to have announced so positively, from the 
history of the American Brachiopods alone, the vermiform affinities 
of Brachiopods, now so conclusively proved by the development 
of Argiope in Kowalevsky’s paper. 

The close relationship between Brachiopods and Bryozoa can- 
not be more fully demonstrated than by the beautiful drawings on 
Plate v. of Kowalevsky’s history of Thecidium, We shall now 
have at least a rational explanation of the homologies of Brach- 
iopods, and the transition between such types as Pedicellina to 
Membranipora and other incrusting Bryozoa is readily explained 
from the embryology of Thecidium. In fact, all incrusting Bry- 
ozoa are only communities of Brachiopods, the valves of which are 
continuous and soldered together, the flat valve forming a united 
floor, while the convex valve does not cover the ventral valve, but 
leaves an opening more or less ornamented for the extension of 
the Lophophore.* A. AG. 

9. Embryology of the Ctenophore ; by ALEXANDER AGASSIZ. 
4to, with five plates. From the Memoirs of the American Acad- 
emy of Arts and Sciences, vol. x, No. iii, August, 1874.—In this 
memoir we have a complete embryology of Jdyia roseola, and 
a nearly complete one of Pleurobrachia rhododactyla, with observa- 
tions on other genera. The memoir concludes with a discussion 
of the systematic position and affinities of the Ctenophore, from 
which we make the following extracts: 

“The question of the systematic position of the Ctenophore 
can now, thanks to the greater knowledge we have of their 
embryology, be treated more intelligently. The position taken 
by Vogt who follows Quoy in removing them from the Acalephs 
altogether, and associating them with the Mollusks on account 
of the apparent bilaterality so strongly developed in some fam- 
ilies (Cestum, Bolina and Mertensia), seems not untenable. The 
nature of their relations to Echinoderms, Polyps and Acalephs, 
as well as the general relations of the Celenterata to Echino- 
derms, may be discussed again, especially as having an impor- 
tant bearing not only on the value of the Celenterata as a pri- 
mary division of the animal kingdom, but also on the limits of 
Radiates, and the possible affinities of the Sponges and Celen- 


* Mr. B. P. Mann translated for me the explanation of the plates of the two 
Memoirs of Kowalevsky. 
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erata suggested by Heckel.* A still more important point 
developed from this embryology is its connection with the Gas- 
trea theory of Heckel, +’ for ‘which he claims that it will sup- 
plant the Type theory, ‘and give us in its place a new system 
based upon the homology of the embryonic layers and of the 
primitive digestive cavity. Heckel attempts, in his Gastrea 
theory, to find an explanation for the natural development of 
species from a purely mechanical cause, and has been bold enough 
not only to name, but also figure, the primitive ancestor from 
which all types of the animal kingdom have been developed! 
This unknown ancestor, he says, must have been built much like 
his gastrula, only another name for what has long been known to 
all students of Invertebrates as the Planula of Daly ell. Heckel 
would lead us to believe that this gastrula is a newly discovered 
embryonic stage; all he has done in reference to it, is to recall 
the existence of planule among Sponges which had previously 
been discovered by N. Mikluc ho Maclay.{ Since the publication 
of Heckel’s article, his special interpretation of fanciful affinities 
and homologies existing only in forms conjured up by Heckel’s 
vivid imagination, have been sufficiently criticised by Metschni- 
koff,§ so that until we know something more of the development 
of Sponges we may leave the discussion of their affinities with 
Celenterates out of the question, in spite of the ingenious argu- 
ments advanced to support Leuckart’s views on the subject. 

“The existence of planule, the walls of which consist of an 
ectoderm and entoderm, has been distinctly proved for Acalephs, 
Echinoderms, Polyps, Worms, Arthropods, Tunicates, Mollusks, || 
and finally for a the papers of Johannes Miiller, Krohn, 
Agassiz, Kowalevsky, Sars, Allman, Claparéde, Kupfer, ’Metsch- 
nikoff and others, are too w ‘ell known to need citation in this con- 
nection, So far we are in perfect accordance with Heckel and 
cordially agree with him in his estimate of the systematic value of 
this early embryonic stage, whether we call it planula or adopt 
his later name of gastrula. But let us follow his subsequent 
steps and separate what is known from what is stated as known 
by Heckel. It is known that the planula consists of an entoderm 
and of an ectoderm. It is known that the primitive digestive 
cavity is in the case of Echinoderms, of Ctenophore and of some 
Discophore, formed by the turning in of the ectoderm, so that the 
walls of this primitive cavity is, in their case at least, invariably 
formed by the ectoderm. It is known, on the other hand, that in 
Actiniz, in Worms, in Hydroids,{ this primitive digestive cavity 
is hollowed out of the inner yolk mass of the embryo, and has its 

* Heckel, E. Die Kalkschwamme, Berlin, 1872. 

Heckel, E. Die Gastrza Theorie, Jenaische Zeitschrift, ix, 1874. 

Maclay, N. Mikulcho. Jen. Zeitschrift, iv, 1868. 

§ Metschnikoff, E. Zur Entwickelungsgeschichte d. Kalkschwaimme. Zeits. f. 
Wiss. Zool., xxiv, 1874. 

|| Lankester, E. R. On the primitive cell layers of the Embryo. Ann. Mag. N. 


H., Feb., 1873. 


¥ Fol, H. Die erste Entwickelung d. Geryonideneies. Jen. Zeitsch., vii, p. 471. 
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walls formed by the entoderm. We must lay great stress on this 
point, which is alluded to by Heckel as of no consequence, * for 
this seems to us to destroy the very base of his argument. If the 
gastrula can in one case, and in such closely allied classes as Ac- 
tinie and Hydroids on one side, and Echinoderms and Ctenophorz 
on the other, be built so differently that in the first case the walls 
of the primitive cavity are formed by the entoderm, and in the 
other of the ectoderm, what becomes of all of his subsequent 
generalizations of the value for systematic purposes of these two 
layers? The distinction of entoderm and ectoderm is, as Heckel 
himself acknowledges, and as is sufficiently shown by Kowalevsky, 
of the greatest anatomical value, yet how is it possible that these 
differently constructed planulz should have the genetic connection 
claimed for them by Heckel, if in their very embryonic stages 
the differences are of so radical a nature that according to the very 
theory of embryonic layers so strongly insisted upon by Heckel, 

they could have no possible relation, the one being a product of 
the entoderm, the other of the ectoderm, the two primitive embry- 
onic layers. 

“It is not known, as is stated by Heckel, that the walls of the 
primitive digestive cavity are invariably formed of the entoderm, 
and when Heckel states the result (the gastrula) to be the same 
whether formed by the ectoderm or entoderm he states what is 
known to be exactly the contrary. It is not known, as is stated 
by Heckel, that the mere fact of a planula fixing itself by one 
extremity or not, will in one case lead to a radial type, in another 
to a bilateral type. What becomes of all the free-swimming 
embryos of Echinoderms, of Acalephs, of Polyps? Are they 
bilateral? It is true Heckel is obliged, to suit his theory, to con- 
sider the Echinoderms as an aggregation of individuals, but he has 
not the countenance of a single zodlogist whose opinion on Echi- 
noderms is of any value; when he says that Sars, whose knowledge 
of the dev elopment of Echinoderms was so accurate, agreed with 
his peculiar views, we can only reply that his agreement must be 
based upon a misunder standing. We have equally as many radial 
and bilateral types developed either from fixed or from pelagic 
gastrule, and to cite this as a causa efficiens, the mechanical reason 
of the genetic descent of all radiates from a fixed gastrula, and of 
all bilateral types from a free-swimming one, is simply fantastic. 
How is it that so many Actinis and Acaleps have their radiate 
structure developed long before they become fixed? It is not 
known that the embryonic layers of Acalephs are truly homolo- 
gous to those of the higher Vertebrates. Huxley simply speaks 
of their bearing the same physiological relation to one another, 
but until we know the gastrula of other Vertebrates than Amphi- 
oxus it is idle to talk of the continuity existing between the On- 
togeny of Amphioxus, and the remaining members of the Verte- 
brate branch, and to say that hence there i is no doubt left that the 

* Heckel and Lankester both seem to think that because the result is a similar 
form it must be homologous. 
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ancestors of the Vertebrates must have passed through in the 
beginning of their development the gastrula form! Neither 
Heckel nor any one else has seen this; it is a pretty hint which 
may or may not be proved. 

“Considerable confusion arises in Heckel’s classification from his 
adopting at one time as of primary importance the development 
of the cavity of the body and making it the main point in his 
phylogenetic classification, while previously the relations of the 

hylum to Protascus and Prothelmis (names he gives to the un- 

nown ancestors of the radial and bilateral types) formed the basis 
of his classification. This places him in the awkward predicament 
of having a phylum of the animal kingdom (the radial) which has 
lost the capacity of forming a body cavity, and yet its descendants 
have in some unaccountable manner (entirely against the rules of 
Heckel’s theory) managed to get one by some unexplained 
method. We do not see how it can be so confidently stated by 
Heckel that Echinoderms have lost their original central nervous 
organ; there is no proof whatever of its once having existed. 
There is, as yet, no proof whatever that the organs of sense (which, 
as had already been so often insisted upon by Agassiz, are not 
homologous in the different branches of the animal kingdom) have 
the same phylogenetic origin. When Heckel says that the 
mouth of Echinoderms is not homologous to the primitive mouth, 
we can only refer him to the memoirs of Miller, Metschnikoff and 
myself on Echinoderm embryos for proof to the contrary. 

“There seems no doubt, as Heckel insists, that to the majority 
of zodlogists of the present day the idea of type is a very different 
one from that of type as understood by Baer and Cuvier. The 
probability of their original community of origin is hinted at from 
the many so-called intermediate forms, both living and fossil, which, 
though we may enroll them either in one great brauch of the ani- 
mal kingdom or another, yet show that we can no longer consider 
the great types of the animal kingdom as closed cycles, but must 
hereafter regard them as holding to one another relations similar 
to those which the remaining categories of our systems have to 
one another. This change has principally been brought about by 
a better knowledge of the embryology of a few well known types. 

“ But what becomes of all the assumptions of Heckel which form 
the basis of his Gastreea theory ? They are totally unsupported, 
and with their refutation must fall his theory; it can only take its 
place by the side of other physiophilosophical systems; they are in- 
genious arrangements laboriously built up in the interests of 
special theories, which fall to the ground the moment we test them 
by our actual knowledge. That the time has not yet come for 
embryological classifications, the attempts of Heckel plainly show, 
for they are in no ways in advance of the other embryological 
classifications which have preceded them; we get new names for 
somewhat different combinations, but a truly scientific basis for a 
classification based upon the value of embryonic layers is at 
present impossible; such attempts can be only speculations, to be 
proved or disproved on the morrow. 
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“What Heckel substitutes in the place of the accepted types of 
the animal kingdom is simply another view of these same types, 
and his Gastrea theory is in no danger of upsetting, at present at 
least, zodlogical classification as now understood. Indeed, if we 
need an ancestor for our phylum, why not at once go back to the 
cell? ‘There we have a definite starting point, a typical element 
which underlies the whole of the animal kingdom and which forms 
the walls of Heckel’s gastrula. Then we shall all be agreed, and 
when we frankly state that all organisms are derived from a prim- 
itive cell and from its subsequent increase, we come within the 
range of positive knowledge, but we are unfortunately as far as 
ever from having for that reason been able to trace a mechanical 
cause for the genetic connection of the various branches of the 
animal kingdom. We must meet the direct issue raised by 
Heckel,—that such a genetic connection either does or does not 
exist ,—by repeating what has so often been said by others, this 
genetic connection may exist, but we have at present no proof that 
it does exist, and at any rate his gastrea theory does not bring us 
any nearer to a mechanical explanation of such a genetic counes- 
tion however probable it may be. ” ‘i 

“Here we must call attention to a ‘alias difference stant 
Acalephs and Polyps on one side, and Echinoderms on the other, 
that while in the former the connection between the digestive 
cavity and the water system always remains open, it is at one time 
disconnected in the Echinoderms, though it is eventually reopened 
through anastomoses of the water tubes. The anal opening holds 
in Ctenophore very much the same relation which it holds in 
Echinoderm larve, in which the water tubes are still connected 
with the primitive digestive cavity. When we find, as we do, 
that in Ctenophore as well as in Echinoderms, the primitive diges- 
tive cavity is formed by the inturning of the ectoderm, that in 
both classes the water system is developed as diverticula, from 
this digestive cavity, we fail to see how we can separate the Cteno- 
phore from Echinoderms and place them with Polyps in a separate 
subkingdom of the animal kingdom. No one questions the relation- 
ship of Ctenophore to Acalephs, yet from embryological data it 
would be more natnral to associate Echinoderms and Ctenophore 
into one subkingdom characterized by the mode of formation of 
the water system as diverticula, forming eventually chymiferous 
tubes in both classes, and to associate the other Acalephs with the 
Polyps* where the chymiferous tubes and cavities are formed by 
the liquefaction of the interior of the planula. Any one who will 
compare the figures of the embryos of starfishes (A. Agassiz, Em- 
bryol. Starfish, pl. u, fig. 8) and Ctenophore (pl. m, figs. 6-10; 
pl. v, figs. 5, 11) at the time when the chymiferous tubes are re- 
duced to mere diverticula, cannot fail to feel satisfied of their 
complete identity of plan. Metschnikoff has made, in addition to 
the homologies I have just recalled, a most interesting comparison 

* See Allman’s views on the position of the Ctenophore as contrasted to the 
Actinozoa. Trans. R. 8. Edinb., xxvi, pl. 11, p. 466, 1871. 


| 
| 
| 
| 


476 Scientific Intelligence. 


between an Echinoderm larva and a Ctenophore; he shows that 
even in the adult Ctenophore the identity of plan is not destroyed 
and is carried out to the smallest details. The only point in which 
I would differ from him is in his comparison of the abactinal celiac 
openings to the actinostome; he seems to forget that in Echino- 
derm larve what at first performed the part of anus and mouth 
eventually becomes the mouth alone, so that his figures should be 
reversed, and then the identity will be found complete between an 
Echinoderm larva (see A. Agassiz, Embryol. Starfish, pl. 11, fig. 
6, and pl. vu, fig. 8) with its esophagus, digestive cavity, ali- 
mentary canal and its chymiferous pouch (water system) from 
which run the diverticula eventually to become the water tubes, 
and a Ctenophore (pl. 1, fig. 25) with its lateral tubes on the 
sides of the digestive cavity (gy), leading into the chymiferous 
pouches, 2, branching into the chymiferous tube. The celiac 
opening (pl. mt, fig. 45, ca) of the funnel he looks upon as repre- 
senting the madreporic body, while I look upon them as the anal 
openings. In this view of the case, the Ctenophore is rather more 
in the embryonic condition of the Echinoderm larva, when the 
actinostome leading into the digestive cavity should perform at 
the same time the function of mouth and anus, which it occasion- 
ally does, although at other times the celiac opening of the funnel 
seems to be the true anal opening, while according to Metschnikoff, 
it is the madreporic body, which performs the part of an anal 
opening. He says it only acts to introduce water into the system, 
which is contrary to my observations. 

I may here recall former statements* concerning the affinities of 
the Ctenophorze, when describing some of the younger stages. It 
could only be after a careful comparison of Ctenophorous and 
of Echinoderm embryos, that undoubted evidence of their identity 
of plan might be obtained. The Ctenophore retain the perma- 
nently embryonic features of Echinoderm embryos, in which the 
water system is still connected with the digestive cavity. The 
formation of a funnel as a sort of alimentary canal, opening exter- 
nally through the celiac apertures at the abactinal pole, corres- 
ponds to the existence of a short alimentary canal in Echinoderm 
larve. The Ctenophore are from their embryology, more closely 
related to the Echinoderms than to the other Acalephs, and it 
seems natural to separate the Acalephs into two orders, the Cten- 
ophore characterized by the presence of locomotive flappers, and 
the Meduside, including the Discophore, and Hydroids. 

10. Development of Marine Sponges.—Mr. H. J. Carter has a 
paper in the Annals and Magazine of Natural History for Novem- 
ber (to be continued in the following number), giving an account 
of the results of his microscopic investigations of marine sponges, 
with regard to the development from the earliest recognizable 
appearance of the ovum to the perfect individual sponge. 


* Agassiz, Alexander. Ill. Cat. M. C. Z., No. 2, p. 12, 1865. 
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1. On the apparent Connection between Sun-spot and Atmos- 
pheric Ozone ; by T. Morrat.—At the last meeting of the British 
Association, Mr. Smith, of Cirming, gave me a ‘record of new 
groups of sun-spots which appeared in each year for a number of 
years, and he asked me to compare the mean daily quantity of 
ozone in each year with the number of groups. I have done so, 
for nineteen years, 1851-1869. 

It would appear from the results that the maximum of sun- 
spot gives a maximum of ozone, and that the minimum of sun-spot 
gives the minimum of ozone. "The years 1854 and 1863 appear 
to be exceptional. In 1854, however, ozone observations at 
Hawarden were suspended for three months, which may account 
for the irregularity inthat year. There is, I think, in these results, 
sufficient to induce others to observe.—Proc. Brit. Assoc., Nature, 
Sept. 17. 


IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. Permanent Ice in a Mine in the Rocky Mountains; by 
R. Wetser of Georgetown, Colorado, (Communicated.)—Geolo- 
gists have been not a little perplexed with the frozen rocks found 
in some of our silver mines in Clear Creek Co., Colorado. I will 
first give a statement of the facts in the case, and then a theory 
for their explanation. 

There is a silver mine high up on McClellan Mountain, called 
the “Stevens Mine.” The altitude of this mine is 12,500 feet. 
At the depth of from 60 to 200 feet the crevice matter, consisting 
of silica, calcite, and ore, together with the surrounding wall- 
rocks, is found to be in a solid frozen mass. McClellan Moun- 
tain is one of the highest eastern spurs of the Snowy Range; it 
has the form of a horse-shoe, with a bold escarpment of feldspathic 
rock near 2,000 feet high, which in some places is nearly perpen- 
dicular. The Stevens Mine is situated in the southwestern bed 
of the great horse-shoe; it opens from the northwestern. <A tun- 
nel is driven into the mountain on the lode, where the rock is al- 
most perpendicular. Nothing unusual occurred until a distance 
of some 80 or 90 feet was made; and then the frozen territory 
was reached, and it has continued for over two hundred feet. 
There are no indications of a thaw summer or winter; the whole 
frozen territory is surrounded by hard massive rock, and the lode 
itself is as hard and solid as the rock. The miners being unable 
to excavate the frozen material by pick or drill to get out the ore 
(for it is a rich lode, running argentiferous galena from 5 to 1,200 
ounces to the ton), found the only way was to kindle a large wood 
fire at night against the back end of the tunnel and thus thaw 
the frozen material, and in the morning take out the disintegrated 
ore. This has been the mode of mining for more than two years. 
The tunnel is over two hundred feet deep and there is no diminu- 
tion of the frost; it seems to be rather increasing. There is, so 
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far as we can see, no opening, or channel through which the frost 
could possibly have reached such a depth from the surface. 
There are other mines in the same vicinity in a like frozen state. 

From what we know of the depth to which frost usually pene- 
trates into the earth, it does not appear probable that it could 
have reached the depth of two hundred feet through the solid rock 
in the Stevens Mine, nor even through the crevice matter of the 
lode, which, as we have stated, is as hard as the rock itself. The 
idea, then, of the frost reaching such a depth from the outside, 
being utterly untenable, I can do no other way than to fall back 
upon the Glacial era of the Quaternary. Evidences of the Glacial 
Period are found all over the Rocky Mountains. Just above the 
Stevens Mine there are the remains of a moraine nearly a mile 
long, and half a mile wide. The debris of this moraine consists 
of small square and angular stones, clearly showing that they 
have not come from any great distance. And just over the range, 
on the Pacific slope, there are the remains of the largest moraine I 
have ever seen, consisting of feldspathic boulders of immense size. 
I conclude, therefore, that it was during that period of intense cold 
that the frost penetrated so far down into these rocks; and that it 
has been there ever since, and bids fair to remain for a long time 
to come. 

2. Franz-Joseph Land.—Two papers are published in the cur- 
rent volume of Petermann’s Geographical Journal (p. 381), on the 
Austrian Arctic discoveries, one by Petermann, and the other by 
Dr. Joseph Chavanne. The accompanying map represents the 
Francis-J oseph Land as a group of large and small islands, between 
the paralells of 79° 50’ and 83° 10’, and between the meridians of 
49° and 65° east of Greenwich. The limits of the larger masses 
of land remain yet unascertained, 

8. Physiology ; by M. Foster, M.A., F.R.S. Part VI of Sci- 
ence Primers, edited by Professors Huxley, Roscoe and Balfour 
Stewart. 132 pp. 16mo. (D. Appleton & Co., New York.—An 
excellent little work, simple in language, clear in its explanations 
and illustrations, and good in its science. 

4. The Transit of Venus ; by GrorcE Forsss, B.A., Prof. Nat. 
Phil. in the Andersonian University, Glasgow. 100 pp. 12mo, 
with numerous illustrations. London and New York (Macmillan 
& Co.).—This volume is a revised issue of a series of articles pub- 
lished in Nature, which give in detail the objects and methods of 
the observations, with an account of the expeditions sent out by 
the different governments. The explanations of the subject are 
made as popular as the case admits of, and are well illustrated 
by figures. 

5. Swedish Iron Ores.—A collection of the Swedish ores has 
been received by Lafayette College, Easton, Pennsylvania, from 
the iron department under the Swedish government. 


Tidal Researches; by William Ferrell, M.A., Assistant U. 8S. Coast Survey. 
268 pp., 4to, with 3 plates. From the U. S. Coast Survey Report for 1874. 
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